


FUNWAY Q KITS

INTEGRATED CIRCUITS

LIGHT AND SOUND

A versatile circuit that can be wired as
a variable rate LED flasher to operate
over a wide voltage range; - a mini
strobe flasher for ‘stop action’ of
moving patrts; - an emergency flasher;
- sound affects like police siren or
motor boat for redlistic toys; -
continuity tester for service; - Morse
Code practice communicator for
novice Hams. Simple and easy to
build, many rewarding projects in one
package.

K-2665

TWO UP

Australia’s National Game in an
electronic Gismo. An ingenius little
circuit that requires a flick of the wrist
to toss the coins. The result is final and
no comespondance with the
electronics will be entered into.
Simple to build, easy to piay, this one
will put you in the winners circle.
K-2661

CRICKET

It's a ton of fun! Hide the Cricket...
when the lights go out, it starts
chirping, tum the lights on or make a
noise and it stops. What's more, the
Ciricket is easy to build and can run
for days on a small transistor battery.
Try it out on an unsuspecting fiend’s
bedroom, it will keep them guessing
for hours... as long as they don't kill
you first.

K-2663

MINI STEREO AMPLIFIER

Convert your personal Walkman type
cassette or FM into big sound stereo
with this easy to connect system.
Simply plug it info the headphone
socket for ich clean sound with
extemal speakers. It also can be used

as a small PA system or a versatile
bench amplifier for experiments or
serviceman. Just four IC's make up
this reliable, simple design. Operates
on 12 volts so that it can be used with
portable equipment or from your car
battery.

K-2667

A flashing red light waming for your
car, boat, bike etc. Whether you have
an alarm fitted to your vehicle or not,
this little unit will deter ali but the most
persistent would-be thief. Not only
does it mind your property but also
warns of open doors or lights left on. A
worthwile addition to any vehicle. It is
easy to construct and can be
installed by aimost any handyman.
K-2660

MINI COLOUR ORGAN

Your own light show, battery operated
that can be connected to almost any
radio, cassette or hi fi. Use two for
stereo. Will operate on 12 volts so that
it can be connected to car radios
and automotive sound equipment. A
bright red, orange and green solid
state LED dispiay that will add an
extra dimension to your musical
entertainment. This project is easy to
build and operate.

K-2664

COMBINATION TIME
LOCK SWITCH

An electronic combination switch that
will only accept the right sequence of
inputs in a given time period. Failure
to meet these criteria will result in an
alam state. Can be used as an
electronic interogation system to
warn of a private area or property.
Variations of output allows different

uses and capabilities. It makes the
basis of a frustrating party game. An
excellent teaching aid in logic design
that can be constructed in one
evening.

K-2666

LIL POKEY

A game of chance that will have you
glued to the handie for hours. LED
display and indicators for scoring let
you follow the action. There is even a
jackpot, that is if you are prepared to
play the game for long enou?h.
Sound eftects can be added for
greater realism. A great conversation
piece at parties but be prepared to
wait your tum, everybody will want to
get in on the act. Alittle work gives a
high level of reward for a finished
project to delight all ages.

K-2662

BINARY BINGO

A reaction tester that is relatively easy
to construct but challenging to play.
It's a binary teaching aid as well as a
frustrating game. It features a seven
segment LED display and four levels
of skill. It is battery powered and self
contained. Can be constucted in a
few hours with a minimum of fuss.
K-2668

MINI SYNTH

Ever had the desire to be a musician
but cannot read a note? Then maybe
this kit is your answer. If you can
whistle, hum or sing, you will be
surprised at what sounds come from
this litle beauty. You can be your own
one man band. Although this is the
most complex project in the series, it
is sfill relatively simpie to construct
and operate. The results will amaze
you, we wouldn’t be surprised to see
some of these units used in bands.
K-2669
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About the Fun Way series

You may have already been introduced to the
exciting world of electronics through our
other publications, Volumes 1 and 2. Fun Way
1 is the first in the series and if you are a
complete beginner, we recommend that you
start with this and try a few of the experiments.
This gives some insight into the use of elec-
tronic components, and is based on are-usable
breadboard approach. This allows you to
perform many experiments without destroying
components. No soldering is involved so
specialised skills are not required to finish a
project. All instruction material is very graphic
so that circuit reading or knowledge of elec-
tronic principles is not necessary.

From this basic beginning, youadvance to Fun
Way 2. The greatest step made here is that all
the projects are constructed on conventional
printed circuit boards, the foundation building
block of modern electronics. Each project has
a specific board and all components are
soldered into circuit. This is where the first
real skill is required, that of soldering. A little
practice is required but within a short period
of time, any original difficulties should be
overcome and real progress made.

Circuit diagrams and component use is explain-
ed. How project electronics work, wiring and
variation of circuit detail are given, yet all
material is kept simple. Circuit board overlay
and wiring detail is very graphic, nothing is
taken for granted. Even without knowledge of
electronic theory, all projects can be builtand
operated by the beginner.

Fun Way 3 is the next natural progression in
the series. The physical detail of printed
circuit board layout is less graphic and follows
more conventional drafting techniques that
are more likely to be encountered in general
electronic practice. The finer detail of wiring
and interfacing is in some cases left to the
constructor. Some of the projects can be put
to various uses so some basic knowledge
would have to be assumed.

This series has a higher educational level yet
all projects are still exciting. The reward level
of a complete, working model is high. Many
hours of enjoyment and fun can be guaranteed
with these projects, both during construction
and in use.

The projects range in complexity from very
simple to moderate. Some are games of chance,
some novel, while others have a more dedicat-
ed use. Where required, we have included
housing detail and have included front dress
panels in the rear of this book to give your
project a professional finish. Each project is
based around an Integrated Circuit (I1C), either
digital or linear, and these range from simple
timers to operational amplifiers to more com-
plex digital counters.

Good reading and construction . . .
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Tools

Practical electronics is no different
from any other manual skill. To make
the job easier and to achieve a
professional finish, you require the
correct tools. Although there is no
hard and fast rule with the type of
tools you require for printed circuit
board and project assembly, it pays
to buy quality. With the projects in
this series, the following tools will
help you build and finish the jobs
with a minimum of fuss. The little
extra money spent on quality tools
will be well rewarded with the
personal satisfaction of a job well
done, and the tools will last a lot
longer.

1. PRINTED CIRCUIT
BOARD ASSEMBLY

Wire Cutters

A precise, sharp, flush side cutting
nipper with a small work head is
required for component pigtail and
wire cutting with normal PC board
assembly. The Dick Smith T-3205 is
ideal for this purpose.

Long Nose Pliers

A fine pointed long nose plier
without serrations on the jaw is
required to handle legs of
components during the assembly of
boards. The slender needle nose
types are more applicable for this
type of work where close, precise
bends and manipulation is required.
A good example of the type required
is the Dick Smith T-3570.

2. WIRE STRIPPING AND
CUTTING

Where hookup wire is to be cut and
stripped, a heavier duty side cutting
plier is needed. The Dick Smith T-
3220 suits this purpose. It combines
a sharp positive cutting edge and a
wire stripping facility.

A convenient wire stripping tool may
be sought where hookup wire of
varying sizes has to be stripped.. The
Dick Smith T-3630 adjustable
stripper caters for all common wire

types.

3. MECHANICAL HANDLING

Pliers

Where it may be necessary to bend
metal or shape mechanical parts, a
heavier duty type of plier may be
required. The Dick Smith T-3325 flat
nose and T-3565 would be useful in

Lthis area.

Screwdrivers

Both conventional blade and Phillips
screwdrivers are required for general
work. The Dick Smith T-4090 150mm
blade driver and the T-4040 Phillips
type are well representative of this
requirement. For smaller work on PC
boards, pre-set pots for example, the
T-4360 6 piece precision set is a
convenient pack.

Wire Cutters Cat T-3205

Long Nose Pliers Cat T-3570

Wire Strippers Cat T-3220

Adjustable Wire Strippers Cat T-3630

Pliers Cat T-3565

Medium Screwdriver Cat. T-4090

[e—% =N

Phillips Head Screwdriver
Cat. 7-4040

Drills — P.C Boards

Where constructors fabricate their
own PC boards, small drills are
required to make component holes.
Two convenient sizes to have in your
stock are the T-4820 1Tmm and T-
4825 0.8mm. For general work, a set
of drills from 1.5mm to 6.5mm are a
handy range. Other sizes that are
commonly used are 7mm and 9mm.

Power Unit

To turn these drills, you require a
high speed power unit. The Dick
Smith T-4751 suits this purpose.

|
w11 e

Power Unit Cat T-4751

Files

For shaping and final finishing of
panel work, a set of needle files is a
worthwhile addition to the hobbyist
toolbox. The Dick Smith T-4960 set
is a good example.

File Cat T-4960

Flat Nose Pliers Cat T-3325
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Saws

A piercing or jewellers saw is another
handy addition to the toolbox. This
enables small precise holes to be cut
in thin metal such as that found in
project boxes and cases. They are
ideal for cutting front panels of Zippy
Boxes.

Knives

There are very few projects that can
be finished without the need for
some form of sharp bladed knife. For
trimming and finishing, these are
indispensable. A replacement blade
type is the more versatile and these
are commonly available from
Newsagents and Office Suppliers. A
popular adjustable blade trimming
knife is the Dick Smith T-5220.

Multi-purpose Stand Cat T-5700

Oscilloscope Cat Q-1243

Knife Cat T-5220

Soldering Iron Cat T-2000

Digital Multimeter Cat Q-1455

"

4. SOLDERING IRONS

For general purpose PC board
assembly and associated wiring, a
smaller power and size soldering iron
is required. Units in the 10 to 16
Watt class are ideal. An iron of 30
Watts would be considered the
maximum for an inexperienced user.
A temperature controlled iron system
is now looked upon as a common
requirement of professionals and
hobbyists alike for the assembly of PC
boards. For general work, we suggest
the Dick Smith T-1330, while for print-
ed circuit boards, the T-1820 Adcola
12 Watt and the T-2000 Dick Smith
temperature controlled system.

Iron Tip

The size of the tip is somewhat
dependent on the area of the joint or
pad to be soldered. Generally, a
conical or chisel shaped tip with a
surface no greater than 4mm across
will suffice. Obviously, a pad size of
2.5mm diameter closely positioned
next to tracks would make a 4mm tip
hard to use. A working surface
around 2mm to 2.5mm would be
more applicable in this case.

Soldering Aids

Where a PC board is loaded with
components ready to solder, some
means of holding it during the solder-
ing operation may be desirable. The
Dick Smith T-5700 multi-purpose stand
makes a handy aid. It notonly holds the
PCB, but also your iron and solder roll.
also your iron and solder roll.

5. TEST INSTRUMENTS

For any hobbyist seriously interested
in  electronics  construction, a
multimeter is almost a necessity.
When working with semiconductors,
a basic sensitivity of not less than
20k ohms per volt is preferred for
accurate readings. A sensitivity of
100k ohms per volt is even better
and the Dick Smith Q-1140 analogue
multimeter with inbuilt transistor
tester is ideal. For greater accuracy
and decisive readings, a digital
multimeter may be considered. The
Q-1455 or Q-1460 units are good
examples of instruments of this type.

Although it may be out of the
financial reach of some
experimenters, an oscilloscope can
add another world to the serious
hobbyist. Its versatility is probably
not realised until one is used in a
practical situation. The Dick Smith Q-
1243 represents good value for such a
versatile instrument. J
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Components you will use in these projects

The symbols we have shown next to the components in the component descriptions are standard symbols used, with minor
variations, throughout Australia. Some countries, particularly European, use different symbols, but it doesn’t take too long before

you can work out what any symbol means. First of all, become fully conversant with the symbols we use in Australia, and you should
have no troubles.

One problem which beginners— and even experts— often have when looking at circuit diagrams is that some people use different
methods of marking connections and cross-overs on circuits. Two circuits, side by side, may use the same thingto mean opposites!
We have used the standard system showing joined lines with a dot.

If you find a circuit which uses a different system, just remember that it will be a standard throughout the circuit diagram. So look
foran area which you know must have joins and cross-overs and, with that information, you'll be able to work out the circuit in no
time at all!

COMPONENT WHAT IT CIRCUIT WHAT IT DOES
LOOKS LIKE SYMBOL

The batteries we use in the projects

BATTERIES & described inthisbook are DRY CELLS-
i.e. they produce an electromotive

BATTERY CLIP force or voltage through chemical
reaction between a relatively dry
paste of chemicals, the zinc case of
+ the battery and a carbon rod. Thus
. they may be turned upside down

' without fear of leakage. However,
1 they may NOT be recharged in the

: way ACCUMULATORS can be (the
- type you find in motor vehicles).

All batteries are polarised, with a
positive and a negative terminal, and
must not be connected the wrong
way around in a circuit.

? DICK SMITH
: 9V Battery

i

1.5V Dry Cells

Some of the circuits have been design-
ed to use the readily available type 216
9 volt transistor radio battery (Dick
Smith Cat S-3001 or similar). These
should be used with a battery clip (Cat
P-6216) to prevent incorrect connec-
tion of the battery. This clip only fits on
one way: the red lead is the positive,
and the black lead is the negative.

CAPACITORS:

Capacitors store electric charges. The higher the capacity, the more electric charge the capacitor can store. Capacitance is
measured in microfarads (uF) and picofarads (pF).

Capacitors are marked with both their capacitance value and a voltage rating. If this voltage rating is exceeded, the capacitor can be
seriously damaged. However, it is almost always permissable to use a capacitor with a higher voltage rating than the one called for.
For example, if a circuit specifies a TuF 10 volt capacitor, you could use a 1uF 15 volt, 50 volt or even 1,000 volt (if you could find
one!) without any problems. You probably could not, however, use a 1uF 9 volt or anything lower.

capacitors are used mainly in audio
circuits.  They range in value from
T .00TuF to around a few microfarads .

POLYESTER @ Often called ‘greencaps’ because
CAPACITORS: l they are wusually green, these

They are not polarised.
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DISC CERAMIC
CAPACITORS:

ELECTROLYTIC
CAPACITORS:
“Electrolytics” for short!

TANTALUM
CAPACITORS:

VARIABLE
CAPACITORS:

(+ end)

Axial type

(— end)

(— end)

(+ end)

——

Single ended PC board type

—

These look like a small disc — hence
the name. They range in value from
0.47 uF or so down to 1 pF. You can
often use a disc ceramic when a
polyester is called for, but the
reverse is not always the case. They
are not polarised.

Electrolytics are polarised and they
are normally marked so that you
cannot mix up the connections. The
negative terminal is usually the one
marked to indicate polarity. They
range in value from around 0.5 uF up
to hundreds of thousands of
microfarads. They have two leads,
which may both come from the same
end, or one from each end. The type
that has two leads protruding from
one end is especially designed to be
used on printed circuit boards, taking
up less space. Both types have the
same symbol — a capacitor symbol
with a plus and minus indicating
polarity.

These capacitors offer the great
advantage of a high capacity in a
very small pack and their radial leads
make them ideal for use on PC
Boards. Tantalum capacitors are
commonly available in values from 1
uF to 100 uF and are usually
polarised. They may be used in place
of electrolytic capacitors of the same
values. Like electrolytics the are polar-
ised.

As the general name suggests, the value
of these capacitors can be varied.
Depending on the type, the change
may be effected by a shaft, knob or
simple screwdriver adjustment. The
well known and a common representat-
ive of this group is the tuning com-
ponent in radio receivers and trans-
mitters. Modern, smaller transistor
receivers use solid dielectric tuning
gangs (the common name given to
these capacitors) while domestic type
receivers and transmitters use the air
dielectric type. Smaller types of variable
capacitors are usually screwdriver
adjusted and are pre-set. These types
are called trimmers, the capacitance
value being normally less than the
tuning gang type.
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RESISTORS:

Are neither insulators nor good conductors: they are somewhere in between, allowing some current to flow. The lower the
resistance, the more current can flow. Resistance is measured in ohms. Resistors are used to limit current to values which can be
used by the various components; too much current and the components may be damaged.

Resistors also have a‘power’ rating; they must not be called upon to pass too much current or this power rating is exceeded and
the resistor may be damaged or destroyed. Our projects use resistors between % and 1 watt power rating. However, like capacitor
voltage ratings, it is in order to use higher rated components.

FIXED VALUE RESISTORS:

Various values, Y% - 1 watt

VARIABLE RESISTORS:
or ‘potentiometers’ (pots)

A variable resistor, or potentiometer
to give it the correct name (often
referred to as a pot), is merely a fixed
value resistor with a slider arm (or
‘'wiper) that allows continuous
adjustment of the value with respect
to either end. The action varies with
different types. The adjustment of
the wiper may be by a hand
operated shaft or slot for screwdriver.
The shaft operated type is known to
all as the volume and tone controls
on radios and stereos. Screwdriver
adjustment types are known as
trimmers and are associated with

LIGHT DEPENDENT
RESISTOR (LDR):
(Dick Smith Cat Z-4802)

The active base of this component is
formed on the flat of a body so that
it can be exposed to light The
chemical structure of this ‘resistive’
material is different from that of the

COILS:

Simply a number of ‘turns’ of a con-
ductor (usually insulated copper
wire) to increase a property called
‘inductance’ (see technical terms).

The coil's characteristics will change
depending on how many turns it has,
how close together they are, their

FERRITE ROD AERIAL:

Small transistor radio type,
two coils.
(Dick Smith Cat L-0520)
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or

Fixed value resistors are marked with a
colour code, given on page 21 so you
will be able to identify each resistor
used in these projects.

Resistors are not polarised.

circuits that require variations in
parameters only on odd occassions.
PC board mounting types are typical
of this form.

The wiring of potentiometers with
respect to the wiper has to be
considered. With a volume control
for example, the connections to the
circuit have to be made so that the
volume is increased as the shaft is
turned clockwise. These connections
are sometimes marked, W for wiper,
Cforthe clockwise and CW for counter
clockwise limits.

carbon or metal film type in that it
effectively lowers in resistance as the
light level on this surface increases.
Cadmium sulphide is the active ele-
mentin the most common type of LDR.

diameter and what they are wound
on. For example, a number of turns
on a wooden dowel will not have
nearly as much inductance as the
same number of turns wound around a
ferrite rod of similar diameter.

The ferrite rod aerial concentrates
radio waves, in some cases
eliminating the need for a separate
aerial,

Normally with two coils, typically
they are coloured red and pink.
However, this need not always be
the case. The wire in these is very
fine: care must be taken to avoid
breaking it.




TRANSFORMERS:

The transformer transfers AC signals
from one section of a circuit to
another. At the same time it can also
isolate DC (Direct Current)from the
rest of the circuit.

ELECTROMECHANICAL
DEVICES

A component that changes an electrical
state with a change in physical state
can be grouped under this heading.
Switches in one form or another are
about the simplest example of this
action. In this case, aleveror toggle can
change the state of an electrical contact
system.

RELAYS:

{Dick Smith Cat S-7120)

These are simply switches that are
operated by an electromagnet
instead of mechanical action from a
hand or lever movement. As with
other switches, the contact
arrangement can be from a simple
single contact to a multipole
changeover system. The coil of the
electromagnet can be powered by
varying sources. The operating
characteristics of this coil are usually
refered to in volts, resistance and

SWITCHES

Any device (generally mechanical)
capable of interrupting the flow of
current through a circuit can be
considered a switch. They vary
greatly in shape and form depending
on the end use requirements. The
contact change action can be
controlled by a lever, knob, toggle,
slider or similar actuator. The number
of contacts changed by this
mechanical action may be anything
from a single make/break or

MORSE KEY:

Economy Model
(Dick Smith Cat D-7105)

The contacts of this switch are
generally simple in form being either
a single pole, single throw (SPST) or a
single pole double throw (SPDT). The
specialty of this design is in the

O

8 ohms to 1k centre tapped

e

Transformers 3k to 3k centre tapped

Single Pole Single Throw

W

Push Button

Double Pole Double Throw
Switches

Morse Key

Audio Matching Types,
8 ohms to 1k centre tapped
(Dick Smith Cat M-0216)

3k to 3k centre tapped
(Dick Smith Cat M-0222)

Some transformers have a ‘centre
tap’, which may or may not be used.

The reverse of this action can also be
applied, that is, where the electrical
state produces a mechanical action. A
solenoid or relay would be an
example. Sound producing
components, like speakers would
also fit into this category.

current required to ‘pull in’ the
contact system.

The relay has two useful
characteristics.  Firstly, the coil

requires low power with respect to
the amount of power that the
contacts are capable of switching.
Secondly, the coil and the contacts
are electrically isolated from each
other (within limits). This means that
two or more circuits of different
potentials can be controlled by the
same circuit action.

changeover to a multipole,
multiposition design. The number of
separate contact systems are referred
to as the number of poles, the number
of changes within a single system are
referred to as the positions. For
example, a switch haveing two contact

sets with two different contact
possibilities would be referred to as a
double pole, double throw,
abbreviated as DPDT.

mechanics of the lever or key

arrangement. It is structured in such
a way that the movements of the
hand require a minimum of effort
and follow the natural rhythm of the
wrist action. As the name suggests, it
is used to 'key’ or send Morse signals
by switching on and off in the character-
istic dot, dash pattern.

J
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rI.OUDSPEAKERS

This component changes currents in
the ‘voice coil'’ to sound from a
diaphragm, the 'cone’. The voice coil
is simply an electromagnetic system
within the confines of a strong
magnetic field. The voice coil
connected to the cone is allowed to
move freely within the fields of
magnetic force. As the magnet is
fixed, any change in the current
through the coil will cause the cone
to move in one direction or the other

MAGNETIC EARPHONE
OR HEADPHONES

The magnetic earphone is similar in
electrical action to the loudspeaker.
Dynamic headphones manufactured
today in most cases have miniature

CRYSTAL OR PIEZO
EARPHONES AND
HEADPHONES

With these components, the electrical
energy is converted to mechanical
energy as sound by the action of a
crystal or piezo element on a diaphragm.

PIEZO TRANSDUCERS

These are sound transducers driven by
an alternating voltage or pulse source.
The element of the device is a flat
diaphram with the piezo disc bonded
to the surface. The whole assembly is
fitted into a plastic case that is hollow
inside with a single hole to the outside
surface. This chamber is roughly tuned
to the natural resonant frequency of

MICROPHONES

There are basically four types of micro-
phones — carbon, crystal, dynamic and
electret.

Probably the oldest type of all, the
carbon microphone has been used
extensively in telephone systems. The
insert is made up of carbon granules
between two contacts. One of these
contacts is a diaphragm which can be
moved by sound waves. When it so
moved, the granules are squeezed
together, acting as a variable resistor
that changes in resistance in
sympathy with the sound.

The crystal type uses a piezo
element similar to that of the
earphone except in this case it is
used in reverse. That is, the diaphragm
and the element connected to it are
stressed as sound(pressure waves bom-
bard the surface.

The impedance of this microphone is

Lvery high.

Earphone
Symbol
L]
C—/
S———
Piezo
Transducer
‘ Electret Microphone
Microphone Symbol
Insert

Crystal
Microphone

Dynamic Microphone

—

depending on the polarity of the
current flow.

A varying audio signal source, from a
radio for example, will cause the
cone to create pressure waves in the
front and rear of it in sympathy with
this signal.

A loudspeaker’s voice coil is referred
to as having an impedance and is
stated in ohms. The amount of
power the speaker is capable of
handling is stated in Watts.

loudspeakers as the ‘transducers’.
These devices, like loudspeakers,
have an impedance stated in ohms.

In this way, any change in electrical

state across the element will result as
sound.

the diaphragm. This frequency can be
somewhere between 1kHz and 5kHz
The maximum output from these trans-
ducers can be expected at this funda-
mental frequency. The impedance of
these devices may be only a few
hundred ohms at resonance but
increases to a very high value off fre-
quency.

The dynamic type uses the speaker
principle in reverse. When sound press-
ure waves move the diaphragm, the
voice coil cuts the magnetic lines of
force and therefore generates a small
voltage. The impedance and output of
these units is low but they often have
an inbuilt transformer to increase the
value to a generally more usable level.

Electret microphones are in effect a
small capacitor where one of the plates
is connected to a diaphragm, and a
small electret charge is built permanen-
tly into the plastic dielectric material
between the plates. When sound press-
ure waves move the diaphragm, the
voltage across the capacitor varies to
produce an output. A small amplifier is
often builtinto this type of microphone,
powered from a single 1.5V cell. In a
case where only the insert is used, a
third wire may be involved. This wire is
a power supply connection to the inter-
nal amplifier.
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TRANSISTORS: )

The word‘Transistor’ is actually another acronym— it stands for Transfer-Resistor. The original (and still most common) transistor
type is the Bipolar transistor (see technical terms). They come in two versions, PNP and NPN.

There are generally three leads on a transistor and each one must be connected in the circuit correctly in order for the transistor to
operate. One lead is called the base, sometimes abbreviated in a schematic circuit diagram as ‘B’; the next lead is called the
collector abbreviated ‘C’ and the other lead is called the emitter abbreviated ‘E’.

Transistors are used as either switches or amplifiers in this book.

NPN TRANSISTOR:

BC548/DS548 or similar.
(Dick Smith Cat Z-1308)

An NPN has a positive voltage on its
collector and a negative voltage on
its emitter. When a positive voltage
(with respect to the emitter) is
applied to the base the transistor
begins to conduct by allowing
current to flow through the
collector/emitter circuit. The
relatively small current flowing

PNP TRANSISTOR:

C BC558/DS558 or similar.
(Dick Smith Cat Z-1348)

A PNP transistor does exactly the same
thing as an NPN except that it has a
negative voltage on its collector and a
positive voltage on its emitter. When a
negative voltage (with respect to the
NPN emitter) is applied to the base, current
will flow through the collector/emitter
circuit. This time the current wili flow in
the opposite direction of course.

through the base circuit causes a E
much greater current to fl'ow_throug‘h You can instantly recognise which
the emitter/collector circuit. This type of transistor you are dealing
phenomenon is called current gain. It with in a circuit by the fact that the
is a measure of the transistor’s ability to B arrow points outwards on an NPN
amplify. ) ) and inwards on a PNP. The transistor
Note that the arrow in the diagram for C may be drawn upside down, back to
the emitter points out. PNP front, or any way in a circuit — but
the arrows will still point out for an
NPN, in for a PNP.
C C
C
8 B 8
E E £
PNP NPN PNP

DIODES:

There are a number of different types of diodes, all with their various differences but with one basic feature in common: they let
current flow in one direction only. Diodes are therefore, polarised and must be placed correctly in circuits or they will not work. If
wired in the wrong way around they can be damaged, as wel! as causing damage to other parts of the circuit. The ‘one way’ feature of
the diode is used in various ways and you will be introduced to several of these in this book.

POWER DIODES: A K Diodes are frequently used as
< E} - ‘rectifiers’ to change alternating

current to pulsating direct current, or

A typical diode with a band at one end to with smoothing to direct current.

indicate the cathode (K). Generally diodes for this use are

known as POWER DIODES, such as

type IN4002 or similar (Dick Smith

A K Cat Z-3202). As seen in FUN WAY

N INTO ELECTRONICS VOL 1, these

may be used simply as a reverse

polarity protection device to protect

the circuit in case the battery is

inadvertently connected the wrong
way round.
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SIGNAL DIODES:

ZENER DIODES:

LIGHT EMITTING DIODES:

Red
(Dick Smith Cat Z-4010)

LED DISPLAY:

EG. LT 303/313

(Dick Smith Cat Z-4103)
Common Cathode
LT302/312

(Dick Smith Cat Z-4102)
Common Anode

A
K
or
+
J
or
A
K
or
10 0
|0 i7[]
0o, |
T
olie—lk U
10 0
10 O

s

)

Diodes are also used in the
detection circuits of some radio
receivers, in which case they need to
have a very low voltage drop. These
diodes are called ‘SIGNAL DIODES
(type OA91 or similar, Dick Smith
Cat Z-4030).

ZENER DIODES (Cat Z-3413 or
similar depending on value). As with
a normal diode, the zener diode
conducts in one direction and blocks
current in the other direction. But
the zener diode blocks current only
up to a certain voltage, when the
reverse resistance drops to a low
value and the diode conducts, in the
normally reverse direction. When this
occurs, the voltage drop of the diode
remains almost constant, over a wide
range of currents, so the zener diode
can be used to ‘clamp’ the maximum
voltage that can occur in a circuit.
The voltage of a zener diode may be
preselected, and zener diodes are
sold according to voltage. So you can
buy a 6.2 volt ‘zener, ora 12V zener,
and so on.

Called LEDs for short, these do get
upset with reverse polarity. When
correctly connected, they glow
brightly. Their polarity is shown in
two ways: they normally have a
longer lead for the anode, and the
cathode is often marked by a slight
flattening on the body of the LED
adjacent to it. They are also available
in other colours and sizes.

Basically a number of LEDs arranged
in a particular way to create a special
effect. For example project 9 uses a
display which has 7 separate LEDs
arranged in a figure-8 pattern. When
power is applied to the display the
numbers 0-9 can be obtained. This

enables electrical signals to be
directly converted to visual
information. LEDs are used as

displays for other purposes as well
e.g. arrow signs, panel meters, etc.
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INTEGRATED CIRCUITS

As the name implies, a circuit that is integrated onto (and into) a tiny chip of almost pure silicon. The level of complexity of
‘Integrated Circuits’ of IC’s as they are commonly known, varies enormously.

A simple ‘IC’ can consist of just two transistors on the same chip of silicon. A more complex one can have tens of thousands of
transistors on the one chip. Technology in this area is improving all the time and as you read this line new and more complexiC’s are
being produced. For the purposes of construction of this book, however, we only have to consider their function, i.e. what the
whole IC does for us. Some IC’s are complete amplifiers on a ‘chip’ whilst others can be computers on a ‘chip’.

LINEAR INTEGRATED
CIRCUITS

This is the general name given to IC’s

that perform functions of an

analogue nature. The circuit behavior

follows what could be loosely

555 termed a ‘linear response (with

exceptions) to signals. In a linear

O n circuit, a signal at the input to the

circuit appears at the output without

[ ug modification  except  (normally)
amplification.

inverting
U

input

non
-inverting

Linear IC's can be made in various
O s ways using different fabrication
amplifior timer techniques but the basic functions
remain the same. The internal
structure of individual circuits may
look complex to perform a specific
job but the end result is the same.
The diagrams of the linear devices
used in the projects in this book are
shown with the relative pinouts on
pages 18 and 19.

DIGITAL INTEGRATED
:)0— CIRCUITS
Unlike linear devices, this 1C group

AND gate NAND gate depends more on a fixed value state
rather than a linear change. The state
may be either high or low,
represented as ‘1’ and ‘0’ respectively.
The transition period between these
two states is usually very fast and not

relative to the whole cycle of events
’ (with  exceptions) as with an
analogue circuit.

OR gate NOR gate EXCLUSIVE OR gate

input

Ing

y

Common to this group is the circuitry
of logic systems where these two
states represents binary numbers (or
digits), the basis of all digital
computers.

Some of the digital circuits used in
the projects in this book are based
on what is commonly refered to as
buffer inverter CMOS (Complementary Metal Oxide
Semiconductor). This impressive
sounding name simply refers to the
manufacturing technique and the
transistor types used in this IC. These
devices operate over a wide voltage

Y

— range but are generally not as rugged

1 as their earlier TTL (Transistor

1 Transistor Logic) counterparts. The dia-

SCHMITT trigger NAND SCHMITT grams on pages 18 and 19 show the

pinout and basic circuit functions of
the devices used in this project series. J
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HOOK-UP WIRE:

As the name applies, hook-up wire is
thefeneral term given to wire that is
used to connect various parts of a
circuit. The copper tracks on the printed
circuit boards do much of the "hook-
up’ work these days. This is not always
practical, however as some components
(speakers for example) often can’t be
mounted on the PCB. In such a case you
wouid use two pieces ot hook-up wire
to connect between the speaker and
the PCB.

Hook-up wire is generally made up of
many strands of fine wire (to aid flexibil-
ity), covered with insulating plastic.
The thickness of hook-up wire depends
on how much current it is expected to
carry.

SPAGHETTI INSULATION:

Called 'spaghetti’ because it is hollow
like spaghetti, this is an insulator which
may be used to sliﬁ over hook-wire to
give more rigidity when used as‘probes’.
paghetti insulation can also be used
over tinned copper wire to insulate it if
plastic covered wire is not available.

SOLDER:

Broad name used to describe a material
used for electrically bonding metals
together. Usually made from an alloy of
lead and tin, sometimes with traces of
other metals. While common solder is
50% lead and 50% tin, solder used in
most electronic work is generally 60%
tin and 40% lead (or '60/40’ solder).
Electronic solder usually has a fine
thread of ‘flux’ running down the centre
of the solderwire. This saves a separate
fluxing operation and makes a neater,
more reliable joint. When constructing
the projects in this book, you should
use fine solder (either 18 or 22 gauge)
for best results.

'PLUG-PACK’

POWER SUPPLY: Dick Smith
Cat M-9526

Strictly not a sinﬁle component but a
'power supply’. They resemble a 3 pin
mains plug except that they have a
square body. Inside the body is a small
transformer and other components
which enable you to power your pro-
jects from the 240V mains, safely and
cheaply.

You can regard a’plug pack’ as a power
supply component.

Wires joined

| ¢
| [

Wires not joined.
(use insulated wire for
at least one)

i Pack of various sizes.
(Dick Smith Cat W-4040)

Cat M-9526
Plug Pack

PRINTED CIRCUIT BOARDS:

A flat piece of material around 12 mm
thick, generally made of phenolic or
fibreglass material. On one side (but
sometimes on both) is bonded a very
thin sheet of copper. Parts of the copper
are etched away to produce ’tracEs
which form the conductors between
components, which are soldered to
them.

Called'printed’ circuit boards (or PCB's)
because techniques similar to printing
are used in their manufacture.

-\

Cat M-9530
Power Supply
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Vdd

To internal

Input logic circuitry

200 ohm

Vs

Typical input protection network for
4000 series CMOS devices.

2 Gate (Pchannel)

a1 14
L4 l ™
Vdd

Out/In
$—o0

1n/Out

V,
Ve SNV
L) ] 14

! Gate {N-channel)

Transmission gate with intrinsic diodes
to protect against static discharge.

Wetted ‘bounceless’ relay

High O—AMW—> i
voltage  10M Rg=1.5k To device

supply I under test
100pF T

Equivalent RC network to simulate
human body static charge, (Lenzlinger
2).

1. T.S Speakman, “A Model for the
Failure of Bipolar Silicon Integrated Cir-
cuits Subjected to ESD”, 12th Anpual
Proc. of Reliability Physics, 1974.

2. M. Lenzlinger, “Gate Protection of
MIS Devices”, IEEE Transac. on Electron
Devices, ED-18, No. 4 April 1971.

\

CMOS HANDLING PRECAUTIONS

Because of their high input
impedance characteristics, CMOS
devices (Complementary Metal Oxide
Semiconductor) are subject to
damage from high voltages applied
to the inputs. These voltages could be
from other circuitry sources, power
supply fluctuations or from external
static discharge.

All CMOS manufacturers incorporate
some form of input stage protection
but this may not always be sufficient
in cases of severe electrical transient

voltages from static discharge,
abnormal operating or handling
states.

Normal Operation

For normal operation, it is

recommended that all inputs and
outputs (unless specified) are kept
within the constraints of the supply
rail voltages Vdd or Vcc (positive
rail), and Vss (negative rail). Before
voltage can be applied to any input,
power must be applied to the CMOS
device.

No device should be removed or
inserted from circuit or a socket with
the power applied. Similarly, low
impedance voltage sources such as
pulse, waveform or function
generator equipment should only be
connected or removed when power
is applied to the IC.

Power supply voltages should not
exceed the normal ratings of CMOS
devices; no greater than 18 volts
between Vss and Vdd or Vcc (unless
specified).

All unused inputs should be either
tied to Vss or Vdd.

Most Common Highest
Reading Reading

Condition
(Volts) (Volts)

Person walking across 12,000- 39,000

carpet.

Person walking across 4,000 13,000
vinyl floor.

Person working at bench. 500 3,000

16-lead DIPs in plastic box 3,500 12,000
16-lead DIPs in plastic 500 3,000
shipping tube.

Various Voltages Generated in 15% — 30%
Relative Humidity (Speakman 1).

-~

Handling Precautions

All devices not in circuit, (stored or
transported) should be held in some
form of antistatic material such as
conductive foam, foil or the original
manufacturer’s aluminium or special
antistatic plastic rails. They should
not be stored unprotected in plastic
bags or trays, styrofoam or similar
static producing material.

High potential static voltages in the
order of 4 to 15kV can be generated
by a person walking on a waxed,
carpeted or artificial floor. Woolen
clothes brushing against a plastic or
partial plastic chair can also produce
high potentials. The human body
may represent a storage capacitor of
up to 300pF (with respect to ground)
so this factor, along with the high
voltage can deliver a high energy
discharge into an object on touch.
Most of us are aware of the
phenomena  and have been
”shocked” at one stage or another
with the characteristic “crack” that
occurs at the point of discharge on
touch.

Benches and Tools
Workbenches should be earthed if
they have any metal parts. Tools,
soldering irons and instruments
should also be at ground potential.

In the case of amateurs, it is not
always possible to use an earthed
workbench but any wooden, felt,
rubberized or similar surface is
satisfactory. Avoid a plastic, Laminex or
similar artificial surface. Plastic stools
or chairs are not advisable.

Handling

Before you pick up a CMOS device,
handle the circuit board or
equipment on your workbench first.
This in effect brings your body
potential to the same as the
component being handled. The
CMOS device can now be picked up
and inserted. This procedure is, of
course, part of your normal
movement so no problems should
be experienced.

When a device is in circuit, the
likelihood of damage from external
static is very low provided that the
inputs are terminated properly.

When a device is removed from
circuit, if it is to be used again, it
should be inserted. into conductive
foam or foil etc.
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rIntegrated Circuit Pin Connections

The diagrams of integrated circuits shown on these pages are types used in the projects in this book. For full specifications refer to

manufacturer’s data.

CMOS - Digital

Vop

[1e] [s] [e] [w] [o] [o] o]
> L
<]

o] L L] ] L L

Vss

~

4001 Quad 2-Input NOR Gate

Vop

[1e] [ee] =] [o] o] [o] []

o LI
A

Vss

4011 Quad 2-Input NAND Gate

oyt our
VDD CONTA CONTD IND INC

[ [l L] (o] [] [] [o]

| o~ o_o |

Ll Ll Lo LeJ Lef o] [2]

INA ouT ouT INB CONTB CONTC Vgg
A B

4016 Quad Bilateral Switch

ASE

SIGNAL COMPZ DEMOD VCO
VDD ZENER INPUT OUTPUT R2 R1  OUTPUT INPUT

SOURCE
FOLLOW

PHASE
comp 2

veo

PHASE PHASE COMP VCO INHIBIT c
PULSES COMP1 INPUT  OUT
OUTPUT

4046 Phase Lock Loop

! .
L Lel Lelled o) Lol Lo] Le]

4009 Hex Inverting Buffer

Voo CLK2 RS2 D2  SET2

[w] Lol L] [] [w] [+] [o]

=5

| F/F1 | I FIF2 |

L___
npagnjoanpoin

4013 Dual D-Type Flip Flop

Vop

oioinininioin

il
<]
l.‘_!lilb]ullillil\éj

4030 Quad EXCLUSIVE OR Gate

Vop

[e] [] [re] [w] o] [o] []
>
Do Do
I;JILILLIEJ!LIILII&SI

4069 Hex Inverter
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CMOS (continued)

Voo

[ (3] [ ][] (5] [3]

End

DaopnpnEoAnED)

4071 Quad 2-Input OR Gate

L] L]

[ ]
CEEEEE

4511 BCD-to-7 Segment Latch Decoder/Driver
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NC
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4518 Dual Synchronous BCD Counter
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555 General Purpose Timer
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FAST
RC 3k
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Component marking codes

SEMICONDUCTORS:

remarkable amount of standardization.

Transistors:

Diodes:

Usually have a band at one end indicating the cathode end.

) i
A typical diode with a band at one end to  Circuit symbol for a diode.
indicate the cathode (K).

IC's:
For the sake of this explanation we will only refer to the IC’s

used in this book.

These IC’'s are made in 'Dual-in-Line’ packages or ‘DIPs’ in
various lengths.

All DIP IC’s in this book—indeed as far as we know most DIP
IC's made, conform to the lead numbering system shown.

Viewed from the top (always) with the pins pointing away
from you.

A4 J

O ul
8PINIC

14 PINIC

Semiconductor devices (transistors, diodes, IC’s, etc) come in an enormous variety of shapes and sizes. Despite this, there is a

Although semiconductors may come from different manufacturers all over the world, provided that the device carries the same
type number, the electrical specifications of that device should be the same. In some cases the Alpha prefix of atype numbermay
be changed but the actual number is unchanged. This is common with transistors and the TO-92 case types shown below are
typical. ADS549 is the same as BC549,a DS548 is the same asa BC548.
are not physically marked on the body of the device or some doubt exists, refer to manufacturer or supplier data.

In most cases, the pin connections are the same butif they

Index area. Within this
approximate boundary
you should find some
sort of orientation
mark. It is usually a
notch in the plastic but
it may be a spot of paint

/ or a printed symbol etc.

Top left pin is always
No.1 pin.

Pin 2 is directly below
that and so forth.

[[] — Last pin.

Number sequence
:I rotates in an ANTI-
CLOCKWISE direction.
j Pin in bottom right
hand corner is the next
j number after pin in
bottom left hand
corner.

General rule for IC’s whatever number of pins.

REMEMBER: (i) These rules apply onlyif the IC is viewed
. from the top.

(ii) If indoubt, consult the manufacturerfor
information.-
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Resistors

Resistors are usually so small itis impractical to try and print

each one with its value, so they are marked with a code

grinted on them in bands of different coloured paint. These
ands give us the resistor’s value.

The colours and their values:

BLACK 0 BLUE 6
BROWN 1 VIOLET 7
RED 2 GREY 8
ORANGE 3 WHITE 9
YELLOW 4 GOLD x0.1
GREEN 5 SILVER * x0.01

* RARELY USED

How to read them:

Start with the band closest to one end or, if it is difficult to
work out, the band furthestaway from the gold or silver band.
Take the resistorshown to the right: let'ssay that thefirstband
is orange—from the table this means three. If the second
band is white, then its value is 9, from the table. And finally if
the third band is brown we have a value of 1, so we add one
zero to the first two figures: 3, 9 and 0—or 390 ohms.

The fourth, or tolerance band, is silver. 10%. Therefore, the
resistor is 390 ohms, 10% tolerance (or somewhere between
390-10% and 390 + 10%,0r 351 and 429 ohms). Thisis more
than adequate for most circuit requirements. Resistors are
available which are ‘spot on’ in value—however, these are not
required in most circuits, and are often very, very expensive.
Close tolerance resistors are available that are marked with
five colourbands. In this case, the first 3 bands are read off as
diFits, the fourth band is the multiplier and the fifth is the
tolerance. Eg: Red, black, green, brownand brownwouldread
2050 ohms, 1%

Capacitors:

Most capacitors will have their value printed on them.
However, there are a number of capacitor manufacturers
who use the ‘IEC’ code. This code is a numerical code, but
works in a similar way to the resistor colour code: two figures
followed by a multiplier. There is often a single letter code
showing tolerance.

The code is worked out in picofarads, so you may have to use
the appropriate metric multiplier.

A capacitor may have a code ‘104K'. This decodes as follows—
0.1uF, 10%. The first two figures give us 10, the third figure
gives us 0000, and the letter 10%. Therefore, the capacitor is
10 0000pF, 10%. We normally express this as 0.1uf -
capacitors with a value below .001uF are expressed in
picofarads.

There may be a further figure marked — this would be the
voltage rating of the capacitor (the maximum voltage at
which you can.yse that capacitor).

S

Metric units and conversions:

Throughout this book and indeed, most electronics publica-
tions, metric multipliers are used to simplify and shorten
component values, etc.

For example, capacitance is measured in Farads—but the
Farad is a huge unit of measurement, much too large to be of
any use in expressing capacitor values. So we use a suitable
metric sub-multiple to save a lot of figures. Instead of saying,
forexmple, .000000000001 Faradswe say 1 pico Farad (1 pF%.

We have used only micro Farads (uF) and pico Farads (pF) in
this book; however, some publications use the abbreviation
nano Farad (nF) so you should get to know these eventually,
too.

What they mean:

—— Band one — 1st figure of value

— Band two — 2nd figure of value

Band three — number of zeros/multiplier

Band four — tolerance (1+%). See below

Tolerance band colours: Red 2%; Gold 5%:; Silver
10%: No band 20%.

Note how the bands are closer to one end of
the resistor than the other.

- -0
JINS TN

BROWN GREEN ORANGE GOLD YELLOW PURPLE SILVER RED
1 5 000 5% 4 7 x .01 2%
Resistor is 15000 ohms or 15k, 5% Resistor is 47 x .01 ohms or .47 chms, 2%

I} - .
JONN AN

RED RED GREEN -— BROWN BLACK RED GOLD
2 2 00000 20% 1 ] 00 5%

Resistor is 2200000 ohms or 2.2M, 20% Resistor is 1000 ohms or 1k, 5%

1st figure of value

— 2nd figure of value

104K % number of zeros/multiplior

tolerance (+%). See below

Tolerance code: M = 20%; K = 10%:; J = §%; C = 10.25pF

maximum working voltage

Some circuits show capacitor and resistor
values as straight figures—eg: 4.7pF. Others
replace the decimal point with the first letter
of the sub-multiple (eg: 4p7 is the same as
4.7pF). Similarly with resistors: 6k8 means the
same as 6.8k

Abbreviation Means Multiply unit by Or
P pico .000000000001 10"
n nano .000000001 10°
u micro .000001 - 107
m milli .001 10°
_ UNIT 1 10°
k kilo 1 000 10°
M mega 1 000 000 10°

1000 nano units = 1 micro unit
1000 milli units = 1 unit
1000 kilo units = 1 mega unit

1000 pico units = 1 nano unit
1000 micro units = 1 milli unit
1000 units = 1 kilo unit

S
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Reading circuit diagrams

Atfirst circuitdiagrams will confuse you
if you have not already gained some
familiarity with them from FUN WAY
INTO ELECTRONICS VOLs 1 & 2.

Itwill help you to realise that the circuit
symbols are simply the alphabet of an-
otherlanguage. We all use several lang-
uages, in addition to the normally written
and spoken English Ian§uage. For ex-
ample: road signs—used by motorists
and pedestrians; the Greek alphabet—
used in mathematical equations; com-
panylogos—designed to communicate
a company’s function, often without
using words; the symbols in public build-
ings to designate various rooms. We
learn to use these signs through familiar-
ity gained by asking what they mean
and by using them.

When you are learning the symbols
used in electronic circuit diagrams, try
and relate the symbol to the actual com-
ponent it represents. For instance, a
capacitor is really two conductive plates
separated by a gap. A variable capacitor
has an arrow on one plate, which is
curved to show that it can be turned, or
an arrow across both plates meaning
the same thing.

The wriggly line of the resistor symbol

immediately suggests a more difficult
path for the flow of electrons, i.e., a
more resistive path. Again an arrow indi-
catesavariableresistor. Coilsand trans-
formers which in reality have coils of
wire are shown as coils in the circuit
diagram.

Diodes, which pass current in one direc-
tion and block itin the other, are repre-
sented by a symbol which shows an
arrow in one direction and a line block-
ing flow in the other. Integrated circuits
are shown eitheras a rectangular’block’,
or much as they look with their polarity
and pin numbers clearly indicated.

Using these examples as your guide,
check through all of the components
comparing the symbol with the diagram
and with the actual componentin each
case. Soon you should be able to look at
any circuit diagram and readily name
each component.

Once you are able to recognise the
symbols and understand what each com-
ponent does, you are well on the way to
understandin%)circuitdiagrams. Allthat
remains is to be able to read how the
different components are wired together.

This becomes quite straightforward when
you know that a small dot at the junction
of two or more wires shows that they
are joined, while a semicircle or hump
indicates one wire passingoveranother
without contacting it.

Circuit courtesy of Electronics Australia
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This circuit diagram is typical of those we use in this book. By now, you should be able to
recognise manr'ofthe circuit elements: resistors, capacitors, diodes, transistors, etc, The
i

strange symbo

n the top right hand corner represents a ‘triac’; a device used extensively

in power control circuitry. The box-shaped symbol near it is for an integrated circuit; in
this case, a 555 timer IC (we use this IC in some of our Fun Way projects).

Asindicated in the section on compon-
ents, some components are polarised
—i.e., they have positive and negative
symbols marked on them. These com-
ponents must always be connected into
the circuit with correct polarity, other-
wise damage may occur to the compon-
ent itself or to other parts of the circuit.
If a polarised component is connected
the wrong way around, generally the
circuit will not work at all.

The symbols shown next to the com-
ponent section are standard symbols
used throughout the world (with minor
variations) soevenif acircuitappearsin
aforeign language handbook, you should
still be able to interpret it.

OR
JOINED

I OR l OR
| NOT JOINED [ I

These two groups of drawings show how
joins and cross-overs maybe shown in circuit
diagrams. In Fun Way 3, we use the first way
shown on eachline. However, otherpublica-
tions may use the alternatives.

B B

N CHANNEL DIAC AND
JFET

MOSFET

P CHANNEL TRIAC
JFET GATE
DUAL GATE SCR AMPLIFIER

OR BUFFER

some common circuit symbols you will probably come across

1>
>

NAND BEZEL

GATE I
CONNECTION CONNECTION
TO 'EARTH' TO CHASSIS
NOR
GATE ——| [I‘—'
GLOBE CRYSTAL

INVERTER FUSE SHIELDED WIRE
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It is not essential that you learn these laws to build the projects in this book, but they are very
simple, and an understanding of them will increase your enjoyment of the subject. You may
also use these laws to design your own circuits, find faults, etc, as your knowledge of

Circuit laws

electronics grows.

Ohms’ Law

The relationship between voltage, curr-
entand resistance in a circuit is defined
by Ohm’s Law, which may be simply
stated as: "When a voltage is applied to
aresistive circuit the currentin Amperes
will be proportional to the voltage and
inversely porportional to the resistance
in Ohms.’

Thisrelationshipis represented mathe-
matically by the formula:

E=IxR

where Eisinvolts, lisinampsand Risin
ohms.

This can be turned around to look like:

If you find these difficult to remember,

you may find the diagram below helpful:

you are looking for
with your fingertip,
and the formula you

require remains l R
exposed.

For example:

In a circuit consisting of a 6V battery
and a 12 ohm resistor, we wish to find
the current passing through the resistor.

Simply cover the value E

L

% 6VOLT
} BATTERY
e

|

UNKNOWN
CURRENT

v

120HM &
RESISTOR @

~

Because we want to know 'l’, cover it
with yourfingertip. The formulatofind|
is then shown as E divided by R. Substi-
tuting values, we know Eis 6 voltsand R
is 12 ohms; therefore the current is 6
divided by 12, or 0.5 Amps.

Suppose we knew the voltage and the
current (we could measure these witha
multimeter) but the resistor value has
been rubbed off. Using the same triangle
above, we cover R and find the formula
R equals E divided by I. Therefore, R
equals 6 divided by 0.5—or 12 ochms, It
agrees with the above answer!

Now try one for yourself. We know | is
0.5A, and we know the resistor is 12
ohms. But we're not sure about the
battery voltage. How do you work it out?

Power in a circuit
When a current passes through a com-
ponent, energy is given off in the form
of heat. Normally, we associate resistors
with this action: that's part of their job.
We often need to know how much power
is being given off by a resistor—and we
find this out by using a formula derived
from Ohm's Law. This formula says that
powerdissipated is equal tothe voltage
across the component multiplied by

the current flowing through it; or

W=ExI

where Wis in watts, Eisinvoltsand I is
inamps. This formula, too, can be turned
around if required:

E-W 1-W

For example:

In the circuit above, E is 6 voltsand | is
0.5 amps. Therefore the power dissipat-
ed would be 6 x 0.5 or 3 watts. We would
have to usearesistor capable of dissipa-
ting at least 3 watts—we would probably
use a 5W type.

Series and Parallel Circuits

In all circuits, combinations of compo-
nents are used to achieve various effects.
It is often essential to be able to work
outthe equivalent values of components
connected together. To do this, one
must be able to work out whether the
components are connected in a’series’
or’parallel'—or a combination fo both.

! CURRENT T BATTERY

In a series circuit, current flowing from
the battery must pass through all the
components. Because of this, the curr-

AMAA

3 cunnem% CURRE"T—IT BATTERY
3

PARALLEL

Ina parallel circuit, the current can take
anumber of different paths — so currents
are not identical through various ‘legs’
of the circuit.

ent is the same through all components.
I

Capacitors in parallel ] o
Resistors in a series circuit are simply Capacitors behave exactly the opposite

added together to find the total resis- A1 R2 R3 to resistors: when capacitors are in para- 2
tance. In other words, a 10 ohm, 150 —mwW—www—aw— llel, you add them: 1t
ohm and 1000 ohm resistor connected C,.= q + C,+ C3+ .. c3

in series would be the equivalent of a T 2
single 1160 ohm resistor. The formula

s Rr = Ri+R,+ Ry + ....

Resistors in series

Capacitors in series
Capacitorsin series, on the other hand, o 2 3
are similar to resistors in parallel—you g—A—i—

. . add the reciprocals:
Resistors in parallel

Resistors in a parallel circuit are a little 1_ 1
more difficult. Here the reciprocals are . CC "1 1 1
added togetherto give the reciprocal of —AVWA T <ttt + c?t
the total. The formula to use is: Rz 1 03 3
Tworesistors in parallel or capacitorsin —
1 = ! v series: A much simpler formula can be R = R xR,
RT i 1 1 used if there are only two resistors in R, +R,
RY*RY R3+ """ parallel or capacitors in series, It is:
1 2 (For capacitors simply replace R with C). )

Page 23



[ How to use your multimeter

So you've just arrived home from your local Dick Smith store with your brand new shiny

multimeter. All you need now is to work out how to use it!

Unpacking it and setting it up:

When you buy a multimeter, it is seldom
ready for use. Almost always, batteries must be
fitted, and in some cases, there is a protective
wire link across the meter to remove.

Read the instruction manual carefully, and
carry out any steps described. A word of
caution: most meters are supplied with
batteries, but sometimes these are not the
best. As a meter is left unused for a long
period, it is a wise investment to buy some
fresh, well-known-brand batteries.

Your multi-meter will have a large scale area, a
knob surrounded by figures, a small knob
marked ‘Ohms adjustment’ or similar, and at
least two terminals. If there are more than
two terminals, look for the ones marked ‘+
and ‘=, or 'V-A-OHMS’ and ‘common’ . In
many meters, these terminals will be coloured
red and black respecitvely.

Plug your test leads into the terminals: red
into the red or '+’ terminal, black into the
black or ‘— terminal. Turn the knob to one of
the ‘'ohms’ ranges and short the ends of the
test leads (or ‘probes’) together. The pointer
should move at least part way up the dial,
perhaps right to the end or past it.

If it does, your meter is ready for work. Read
on!

What scales have you?

Most multimeters {even the real budget
models) give you at least four different
measurement options: DC voltage, DC current,
AC voltage and Ohms. These are further
divided into different ranges, to give more
fiexibility. The more expensive meters may
also offer AC current measurement, and
possibly other functions too.

Each of the ranges is represented by a scale
on the meter face; though many of the scales
may be shared. For example, you might read
0 - 2.5mA on the same scale as you read

0 — 250mA and O — 250 volts. These scales
are linear; thus the divisions betwen markings
remain constant. All you do is apply the right
‘units’ to the scales to work out the exact
figure: these units are given to you alongside
the pointer on the ‘range’ switch.

There might also be a strip of mirror on the
scales. The purpose of this is to allow you to
line up the pointer with its reftection,
eliminating 'paratlax’ errors (errors caused by
viewing the pointer from an angle).

There may also be other ranges marked on
the scale, which are obtained by using

[ 1

T

CURRENT:
METER IN SERIES
WITH CIRCUIT
UNDER TEST

$ [ current
< =7

>

*

different terminals to the normal ones. An
example of these are on the meter at right: a
0.1V (50uA) DC terminal and a 1000V AC
terminal, which are not affected by the ‘range’
switch. These special terminals are connected
direct to the meter in some cases, and must
be used with extreme care.

Measuring DC Current:

The important thing to remember when
measuring current is that the meter must be
placed in series with the circuit. This means
that the circuit must be broken, with the
meter leads connecting the two sections
together.

Normally, a circuit is broken by unsoldering a
wire or component; unfortunately, this is not
always possible. For instance, if you want to
know the current flowing through a certain
PCB track, you must break the track {shudder!)
to include the meter in series. This can
usually be done by cutting the track at a
narrow point with a very sharp blade. When
the measurement is finished, solder can be
flowed over the knife cut to restore
connection. (You might even need to put in a
small piece of hookup wire to assist the
connection).

When measuring current, start with your
meter on the highest range and work down.
Stop when the pointer moves reasonably high
up the scale.

It is also important that the probes are
connected in the correct polarity. The red
probe is connected to the more positive side
of the circuit; the black probe is connected to
the more negative side.

If you find the pointer swings the wrong way,
reverse the probes.

Measuring AC Current:

Your meter may not have provision for AC
current measurement, particularly if it is an
economy type. If it does, measurement is
basically the same as for DC: except there's
no need to worry about polarity. Once again,
start with a high range and work down to the
correct one.

Measuring DC Voltages:

Measuring voltages is exactly the opposite to
measuring current: the meter is placed in
parallel to the circuit or component being
measured. Once again, however, polarity has
to be observed. Red (positive) to the positive
side of the circuit, black (negative) to the
negative.

(T3 e
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And again, if you don't know the voltage, start
on the highest range and work down.

Measuring AC Voltages:

It's just the same as measuring DC voltages:
just follow the same steps and remember that
the meter must be placed in parallel.

A word of explanation here about what the
meter actually reads: As you know, an AC
wave starts at zero, rises to a peak, falls back
to zero, and then does the same thing in the
other direction during one cycle.

A moving coil meter (as 99% of multimeters
are)indicates what is called the ‘rms’ value of
the voltage. This value (which stands for root
mean square) is more or less an average,
taking into account the fact that the voltage
is always changing.

The ‘rms’ voltage has exactly the same ‘work
value’ as a DC voltage of the same

magnitude. In other words, if you supplied an
electric heater with 240 volts rms, and then
240 volts dc, the heater would give out the
same heat in both cases.

If you want to convert the ‘rms’ value your
meter reads, to the ‘peak’ value (the maximum
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voltage reached in the cycle) you have to
multiply by 1.4142. Conversly, the rms voltage
is 0.7071 the peak voltage.

Measuring resistance:

When measuring resistance, it is important
that the component you are reading is not
affected by other components in the circuit.
There is no point in measuring a resistor
when there is another resistor in parallel
which is interfering with the reading.

Therefore it is normal practice to remove one
end of the component under test from the
circuit to avoid any possible influence.
Another wise move, even if you disconnect
one end of the component, is to make sure
power to the circuit is turned off.

Before commencing measurement (and each
time you change resistance ranges) you should
‘zero’ the meter. This involves adjusting the
knob on the meter so that the pointer reads
exactly zero ohms when the probes are
shorted together.

Select the lowest resistance range and zero
the meter. Then place your test probes across
the resistor (or other component you are
testing). If the pointer doesn't move (or barely
moves) switch up to the next range, and the
next, until the pointer is in the last third of
the scale. This is the area where best reading
accuracy is obtained.

If the pointer reaches, or over-shoots zero,
back off one range. Re-zero the meter and
then read the value from the ‘ohms’ scale.
Muitiply the reading from the scale to the
multiplier indicated by the knob: for example,
if you read 15 on the scale, and the knob
points to ‘'x100’, the actual resistance is 15 x
100 or 1.5k

Checking transistors and diodes

While not a perfect check, a multimeter can
usually give you a ‘go/no go’ test on most
diodes and smali signal transistors. (Testing
power transistors is not quite so simple, as
the results can sometimes be misleading).

Testing diodes: This is very easy. A diode
should conduct in one direction only: if you
set your multimeter to a low ohms range (say
x10) and place your probes one on each
end of the diode one way, the meter should
read fairly low. Reverse the probes, and the
meter should read fairly high. If both these
checks are ok, then basically so is the diode!

Zener diodes can also be checked the same
way. You can't tell their voltage, but you will
at least have a go/no go indication.

Testing transistors Because transistors are
basically two diodes in one package, we can
check them in a similar way to diodes. We
can also check for ‘punch through’ from
collector to emitter.

Switch to a low ohms range, (eg x10) and
connect the probes to the emitter and
collector. Read the meter, and reverse the
probes and note the reading again. Both
should be high. If so, continue. If not, you
should probably throw the transistor away!

Switch to a high (x1000) range, and connect
one of the test probes to the transistor's base.
Connect the other probe to'the emitter, then
collector, noting the readings. Both readings
should be roughly the same; high or low, it
doesn’t matter {but remember which!)

Now swap the probe on the base with the
other, and do the same check. The readings
should still be roughly the same, but opposite

to the last check. If the last readings were 1
both high, these should be both low, and vice
versa.

If these tests are ok, the transistor is also
probably ok. By the way, you can work out
whether your transistor is an NPN or PNP
with these checks: with the black fead on the
base and both readings low, the transistor is
an NPN type. With the red lead on the base
and both readings low, the transistor is a PNP

type.

POINTS TO REMEMBER:
Meter in series for current
Meter in parallel for voltage
Meter across component only
when measuring resistance
@ Start on the highest range and
work down

@ Zero the pointer when changing to
any resistance range

@ Replace the hatteries if you cannot
zero pointer

® Use the mirrored scale to avoid
parallax errors

® Swap the probes if the pointer
swings backwards

@® Take care of your meter!

what's inside a multimeter?

As you can see from above, the multimeter is
very versatile. But do you know how it performs
all those functions?

The heart of the multimeter is the meter
movement itself. This consists of a coil of wire,
suspended on an axle, in a magnetic field from a
permanent magnet. If a current passes though
the coil, another magnetic field is set up. The
two fields repel each other (just like two magnets
can repel each other), and the coil tries to move.
The only way the coil can move is to rotate on
its axle. Attached to the axle is a spring, and a
pointer which can move over a scale. Because of
the spring, the amount of rotation of the coil will
vary precisely with the amount of current flowing
through the coil. So the scale can be graduated
directly in units of current.

The current though the coil is, however, very,
very small. In a modern multimeter, it takes just
50uA to make the pointer travel from one end of
the scale to the other. (This is called full scale
deflection, or fsd).

Obviously, a multimeter can measure a lot more
than 50uA (many meters measure up to 10A —
200,000 times as much!)

The basic idea used to let us measure higher
currents is quite simple. If two resistors are
connected in parallel, the current divides up in
inverse proportion to their resistance.

Exactly the same thing happens with a
multimeter. The switch connects various resistors
in parallel with the coil so that the current
between the coil and resistor divides. An average
multimeter has a coil resistance of 2000 ohms: if
a 2000 ohm resistor was connected in parallel,
the meter would read full scale when 100uA was
flowing. If a 0.00005 ohm resistor was connected
in parallel, the meter would read full scale with a

current of 1 amp flowing! (Yes, resistors of this
accuracy are required, and used, in multimeters!)

The resistors switched in parallel with a meter
movement are called ‘shunts’ — they shunt most
of the current past the meter.

Now, how about voltage? As we mentioned, a
meter measures current. But the coil has a certain
resistance, su from Ohm’s law we know that to
make this current flow a certain voltage has to be
applied to the coil. With a 2000 ohm movement,
it takes just 0.1V to make 50uA flow (for fsd).

It follows that if we add additional resistors in
series, it will take more and more voltage to
maintain that same 50uA current.

If we added a 2000 ohm resistor in series, the
voltage would divide across each ‘resistance’ so
there was stiil 0.1 volts across the movement
with 0.2 volts applied. So the meter would read
full scale. If we connected a 1,998,000 ohm
resistor in series, we could apply 100 volts to the
meter, and it would still only read full scale.

Of course, the pointer doesn’t have to swing all
the way; a lesser voltage will give us a lesser
swing. So we can calibrate the scale directly in
volts, with the maximum voltage being what that
series resistor will allow for exactly full scale
deflection.

The resistor in series is called a ‘multiplier’: it
obviously multiplies the voltage required for full
scale deflection.

Measuring resistance

A meter switched to the ‘Ohms’ scale is basically
still a voltmeter; the difference being that the
voltage which drives the movement comes from
internal batteries rather than the circuit under
test. (Note that a multimeter needs batteries only
for resistance measurement — they can be

removed completely for current and voltage!)

As the battery voltage remains constant, any
resistance which is introduced in series with the
meter will reduce the current flowing, thus
reducing the reading. The scale is calibrated
directly in Ohms, and must be multiplied by the
figure indicated by the switch pointer. The switch
selects different multipliers so that very wide
ranges of resistance can be measured.

We mentioned before the ‘zero ohms’
adjustment. All this does is ‘fine tune’ the
multiplier so that effects of battery voltage and
component aging can be countered. If the "zero
ohms’ control cannot bring the pointer to the
zero mark the battery should be replaced.

Meter sensitivity

All meters ‘load’ the circuit being measured. By
this we mean that the circuit or component is
affected by the current taken from the circuit to
drive the meter movement — small though it be.
For minimum loading, the ‘sensitivity’ of the
meter should be as high as possible.

Sensitivity is quoted in ‘'ohms per volt: in
general, the higher the better. A modern
multimeter would have a sensitivity of around
20,000 ohms per volt DC {more than enough for
the average hobbyist use).

What this means is that on each DC voltage
range, the circuit ‘sees’ the meter as a resistor,
having a value of 20,000 times the full scale
voltage of the range: on a 1 volt range it would
be equivalent to a 20,000 ohm resistor; on a 100
volt range it would be equal to a 2,000,000 ohm
resistor, over the entire range.

AC sensitivity is always lower than DC: 7 to 10

thousand ohms per volt is typical. This is
adequate for the hobbyist. J
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Controlling other circuits with relays

A relay has several basic parameters
which determine its usefulness in a
circuit.

(1) Its coil resistance - this determines
the range of voltage over which the
relay wil reliably operate.

(2) Its contact rating — which deter-
mines the amount of current and voltage
the contacts can safely switch.

(3) The number and type of contacts -
some relays have justasingle switching
action which may be single throw or
double throw (see ‘switches’ in the
components section). Other relays may
have a number of poles, with single or
double throw action or even combina-
tions of both. In most instances, the
individual contacts of the relay are all
insulated from one another, and can be
used to switch different circuits without
interfering with one another.

If, for example, you wish to switch two
devices with one relay, you can do this
with a ‘double pole’ relay (one having
two sets of contacts). Relays are comm-
only available with up to four sets of
contacts; special purpose relays have
many times this number.

The S-7120 relay we use in the ‘Fun
Way' projects is a very simple type,
chosen mainly because of its size: it fits
nicely onto the printed circuit boards.
However, it has only one single pole,
double throw contact set (also known
as a changeover contact or SPDT).

Let’'s say you want either more contacts
or larger current carrying capacity, to
use with one of the projects in this
book. What do you do?
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Figure 1

Of course, it would be possible to
substitute a relay with the right coil
resistance. All you need is one with a
coil resistance of around 180 to 220
ohms, designed to ‘pull in’ at voltages
from around 6 to 14.

Such relays are fairly common. How-
ever, size becomes a problem.

The easiest way for the beginner to
overcome this problem is to use one
relay to switch another: leave the one
in the circuit as designed, and use its
contacts to switch a second relay coil.
This has a further advantage: if you
want to ‘invert’ the operation of the
circuit, you can use the‘normally closed’
contacts and have the second relay
operate in reverse to the way it would
otherwise have done.

Figure 1 shows how to wire a second
relay ‘in tandem’ with the one in the
circuit. Because the second relay is
being switched by another relay (not a
transistor), it doesn’t need the ‘spike
clamping’ diode across it which you
would normally use on a relay.

' Ao
ON-BOARD
él RELAY
¥ USE THESE

CONTACTS FOR
SWITCHING, ETC

SWITCHING
TRANSISTOR
IN CIRCUIT

Figure 2

You can use any relay which will pull in
with the voltage available from the
battery or plug-pack adaptor (if you are
using one). Just remember that a relay
which pulls in reliably with a fresh
battery may not be quite so keen when
the battery gets a little flat!

You can use a relay with any number of
contacts to suit the application. Ensure
that you don’t get solder dags across
the contacts, as in some relays they are
very close together.

Making a relay ‘latch’. (See figure 2).

If a multi-contact relay is used, it is easy
to make the relay latch on —that is,
when it pulls in, it stays in regardless of
what happens in the rest of the circuit.
The only way to make the relay drop
out again is to disconnect power.

This is done by using one set of contacts
to bypass the switching transistor, thus
keeping current flowing through the
coil even though the transistor stops
conducting. Once again, a diode is not
necessary.

about the project kits . . .

Each of the projects in this book has an
individual kit of parts made up for it
these are available from any Dick Smith
store or re-seller. The catalogue number
of the kit is given at the bottom of each
component list.

To keep the cost of the kits to a
minimum (and allow you as much flex-
ibility as possible with your project) the
kit contains only those components
described in the main list.

In other words, most kits do not include
Zippy boxes, batteries, speakers, sockets,
Morse keys, or with the exception of a
couple of kits, any on-off switches. Nor
do theyinclude any items of hardware,
etc.

They do, however, include the printed
circuit board, battery snap, (where app-
licable) plus all components required
to make the basic project actually work.

Where potentiometers are specified,
the kit may only include a pre-set
trimmer type (even though the drawing
might show a conventional shaft type).
Once again, this is to keep the kit cost
down,

Whether you replace the pre-set with a
normal potentiometer, place the kit in
a Zippy box, add on/off switches, ex-
ternal sockets, etc, is left completely
up to you. Of course, should you decide
to ‘dress up’ your project, all the com-
ponents are readily available types,

and are available from your nearest
Dick Smith Electronics store or re-
seller.

The printed labels in the back of the
book suit the commonly available Zippy
boxes.

Please note that the kits do notinclude
instructions: after all, you're reading
this book and all the instructions are in
itt

The contents of this book are copyright,
and may not be photocopied or re-
printed for any purpose without the
written permission of the publisher.
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project number two
The completed project shown
TWO U p in the optional Zippy Box

Despite the fact that playing two-up is illegal in most areas of Australia,
in a nation of gamblers, this game has come to be recognised as the
most distinctly Australian of all gambling.

There are, in fact two different versions of the game. The first, called
‘swy’ uses three coins so that there will always be a result - two out of
three, or three out of three wins. The other version, the one we have
modelled our game on, is the genuine ‘two up’ - where two coins are
used.

In this version, three results are possible: a head spin (two heads), a tail
spin (two tails), and a no spin (one of each). The spinner, in the centre of
the ring, must always spin for heads. He (she?) bets a certain amount by
placing the money on the floor in the ring. A ‘tails’ better is required to
‘cover the centre’ by placing an equal amount of money in the rings.
Once the centre is covered, ‘side bets’ are allowed around the edges of
the ring, with the side betters waggering amongst themselves for ahead
or a tail spin. Two pennies are placed on a special wooden throwing aid
called a ‘kip’, normally with their heads facing up. (In fact, in real, live,
genuine two-up games even the pennies are from a particular batch -
King George pennies are used. (Not just any penny will do!)

When all bets are placed, the ringmaster calls‘Come in Spinner’ and the
spinner tosses the coins in the air, making sure that the coins clear the
spinners head, and that the back of the spinners hand is seen as the
coins leave the kip.

The coins must land inside the ring. 1f they don’t, or one of the above
rules has been broken in the toss, OR if the pennies land one head, one
tail, the ringmaster calls ‘No Throw’ and the pennies are re-thrown. If
the heads are thrown, the ringmaster calls ‘heads’ and the spinner can
stay for the next throw. Bets are settied, and the ‘house’ takes a small
percentage from the winners. If tails are thrown, the ringmaster calls
‘tails’ and the spinner is dismissed. Bets are settled, but the house
doesn’t take a percentage from the winners.

PARTS LIST
Parts Description Total Parts Description Total Parts Description Total
Quantity Quantity Quantity
Resistors: Semiconductors:
470 ochm R1, R6, R10, R12 4 4009 CMOS 4 x AA Battery Carriei
1K R2, R7 2 IC1 1 P-6124 1
4011 CMOS P.C. Board
10'(;k R3 1 IC3 1 ZA1461 1
10 R4, R8 2 4013 CMOS
820k R13 1 1IC2 1
1 Meg R5, R9, R11 3 1N4148 Silicon Diode
D1 1
. 3mm Red LED
Capacitors: LD1, LD3 2 Optional Components:
01uF (C:Eramlc 1 3mm Green LED (Not supplied in basic kit).
LD2, LD4 2 Zippy Box Case UB3
0.1uf Ceramic H-2753
C1, ¢7 2 AA Cells 4
.015uf g;eencap Polyester . ) Piece of foam packing
Miscellaneous: approx. 55 x 35 x 35mm 1
0.47uf Tag Tantalum Mercury Switch (to hold battery carrier if necessary)
C2 1 SW1 1
10uf RB Vertical Electrolytic Miniature DPDT Slide Switch
Cc4 1 Sw2 1
100uF RB Vertical Electrolytic Battery Snap Basic Kit of Components
Cé 1 P-6216 1 Cat K-2661
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HOW IT WORKS

The electronics of this circuit has to
simulate the toss, spin and final
settling position of the two coins.
The result can be one of three states,
two heads, two tails or head and tail.

The face of the coin is represented
by a LED (Light Emitting Diode), LD1
to LD4. The settling position of the
coin is held in a temporary memory,
in this case two flip-flops in a 4013
IC. The spin is simulated by two
simple voltage controlled oscillators
using a 4011 as the active device.

A mercury switch (SW 1) is employed
as the toss mechanism, the height and
time of the spin being controlied by a
monostable made up of two inverters
from a 4009.

In order for the contacts of the
mercury switch to be closed, a
simulated toss has to be made to get
the mercury to ’‘make’ with the
contacts. This switch action applies
the rail voltage (a ‘1’) via R2 to the
first inverter of the monostable.
Normally the input of this inverter,

bpin 3, is held low via R3 and the

output of the second inverter. With a
temporary ‘1’ applied to pin 3, the
output at pin 2 will go low and in
turn, cause the input of the second
inverter at pin 5 to follow via the
timing capacitor, C2. The output at
pin 4 will go high and remain in this
state for a period set by the charging
action of C2 and R4. The state of the
mercury switch no longer has any
control over the toss action.

This high state on pin 4 charges the
10uF capacitor, C4, via R7 and the
forward conducting diode, D1. This
voltage is stored in C4 and
represents the time that the coins
are in the air spinning.

The monostable will return to its
initial state after a short "“time out
period.”

The two sets of 4011 NAND gates
configured as inverters (used
because of the handy pack size) act
as voltage controlled oscillators, the
voltage being sourced from the

storage capacitor C4. As this voltage
is discharged by R9, R13 and back
through R8, the oscillators slow
down and eventually stop. This
simulates the slowing down of the
spin to the point where they hit the
ground. You may notice that the spin
tends to "hic up” at some stage. This
is when the two oscillators interact to
further upset the final result. This
may be seen as where the coins hit
the ground and bounce.

The output of each oscillator is
connector to the clock input of the
flip-flops. At the end of the ’spin
action’, the last face of the coins is
registered and held. The inverters
connected to the outputs Q and Q-
of the ’‘coin face memories’ act as
buffers to drive the LEDS, the ‘face
indicators’.

If you wish to increase or decrease
the time that represents the period
of spin, simply change the value of
the storage capacitor C4. To increase
the time, increase the value.
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* If a three wire electret microphone insert is supplied,
this L1 link is left out and the third wire of the insert

connected to the end of R1.

HOW IT WORKS

Under the right input conditions, the
circuit produces a chirping noise, not
unlike that of a cricket. This output
sound will only occur when the ambient
noise and light levels are low.

An electret microphone is employed as
the sound detector while an LDR (light
dependent resistor) is employed as a
light measuring device. R1, 10k is a
load/supply resistor for this microphone.

ICt is an operational amplifier
configured as a high gain amplifier to
increase the low level output from the
electret microphone to a figure
useable by the second op-amp, 1C2.
Output from IC1 is AC coupled
directly into the inverting input of 1C2
via C3. In this case, no input resistor
is employed so the AC gain of IC2 is
at a very high value while the DC gain
is held at around 21 to maintain
circuit stability. The LDR is connected
to the non-inverting input via a split
resistor network.

Let us now look for a moment at the
chirping circuits made up from
inverters in the 4069 CMOS chip.

In effect, there are three gated
oscillators used to make up the chirp
sound. The basic frequency s
generated by the two inverters, e & f.
The capacitor C8 is the main timing
component of this astable
configuration. Pin 12 is the output
point that drives the piezo transducer,
the voice box of the cricket. As a

piezo transducer is a relatively high
impedance device, a buffer is not
required.

Inverters ¢ & d make up another
astable that simulates the
intermediate frequency that gives the
sound its characteristic chirp. When
the output at pin 8 goes low, the
diode D5 is forward biased and
disables the following astable. In this
manner, one astable disables the
other. C7 is the main timing
component of this astable. A change
of value gives a difference in
frequency and therefore a change to
the characteristic of the chirping
sound.

The burst time of the chirp is a function
of the first gated astable made up of
the inverters a & b. Again, the output
is coupled via a diode D4 to the input
of the following astable. Here the
same gating technique is used but in
this case, the frequency is very low,
around 0.5 seconds. This determines
the on-off state of the chirp. This
astable is gated via D3 depending on
the voltage present on the storage
capacitor C5. If this voltage is below
the threshold operating point of the
inverter a, the astable will be disabled
along with the following ¢ & d and e
& f. This then is the silent period of
the circuit.

Now we can look at the control from
the input stages. Firstly assume that
there is no noise into the microphone

Cricket Circuit Diagram.

so the output from IC2 is virtually non-
existent.

The input reference for the op-amps
is taken to a voltage point under half
that of the rail voltage. This is
provided by the voltage divider R2
and R3; VR1 allows for some shift in
this level.

Now let us assume that the threshold
voltage point on pin 1 of the inverter
(@) is 6.5 volts (9 volt rail). If for a
moment we disregard the influence
of the LDR, we can see that any
voltage drop across VR1 will be
seen by the op-amp IC2 as an offset.
The non-inverting input, pin 3 is taken
to the more positive end of the pot
via R7 and R9. By varying this pot, it is
possible to change the output of the
op-amp from the reference value to
near that of the positive rail. By way
of example, we will set VR1 to give a
voltage on pin 6 of 7 volt. C5 will now
charge up via R12, D2 is reversed
biased and D3 is forward biased. As
the voltage on pin 5 approaches
around 5.8, (threshold of the 4069 of
6.5 minus the 0.7 diode voltage
drop), D3 will become reversed
biased and the first astable will be
enabled and so the chirping will start
as discussed previously. Now to the
action of the LDR on the circuit. In
complete darkness, its value will be in
the order of 2 Megohms but in light,
the value will drop to around a few
hundred ohms. This light value will
pull the non-inverting input of the op-
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HOW IT WORKS (Cont.)

amp towards the negative rail and the
differential voltage will be amplified
by a factor of 21. This then causes the
output to swing negative and D2
conducts at the point where the
voltage crosses the value on C5. This
quickly discharges C5 and at the
same time, forward biases D3 and so
gates off the astables and the
chirping. If the LDR returns to
darkness, its high value will have little
effect on the circuit and so C5 will
again charge.

We will now look at the action of the
microphone input, assuming the LDR
to be in complete darkness.

Noise input to the microphone will
be amplified by IC1 and again by IC2.
Any negative transition at the output
at pin 6 of I1C2 will forward bias D2
and therefore discharge C5. The
greater the amplitude, the deeper the
discharge and therefore the longer the
chirp is gated off.

But what happens when the chirp
occurs you may well ask? Wouldn't
this be 'heard’ by the microphone and
therefore negate the circuitaction? This
is where D1 comes into action. When
the output of inverter b goes high, as
it does when a chirp occurs, D1 is
forward biased via R13 and causes

ASSEMBLY

1. Check off your kit of components
against the parts list. Values and
quantities should match this list.

2. The components are mounted as
shown in the overlay diagram. Firstly
mount all the low profile components.
Link L1, all resistors and diodes can
be loaded into the board. These
components can now be soldered
after all pigtails are cut to length.
Capacitors can next be put into the
board and soldered. The last items to
be assembled are the pre-set pot and
the integrated circuits.

3. The external components are the
only components that have to be
made to the board. Observe the
polarity of these connections. The
length of the leads or their position
will depend on the housing (if any)
into which the cricket is assembled.
Imaginative constructors may wish to
make a suitable model of a cricket
from papier-mache or some form of
wire or balsa framework. An on-off
switch has not been included but
some form of small slider or similar
could be connected into the battery
leads.

GETTING IT TO CHIRP
Assuming that all the circuitry is
correct, there is every chance that
your cricket will burst into song, with
a little help. Connect a 9 volt battery.
If you wish, measure the current
drawn by the circuit by connecting a
multimeter in series with one of the
battery leads. If all is normal, a figure
somewhere between 1.5mA and 5mA
should be registered.

To test the chirping circuits is a simple
matter: simply short out the 1 meg
L resistor R12. This enables the

Mic. Insert

Cricket PC Board
Component Overlay Diagram.

1C2 output pin 6 to go high. This
assures that D2 is not conducting and
effectively disables the discharging
action of C5. C4 slightly extends this
pulse to assure circuit stability of the
loop.

To set the sensitivity of the total
system, VR1 is adjusted in darkness
(or a suitable level for normal
operation required). The closer the
voltage on IC2 pin 6 to the threshold
point of IC3a (without sound or light),
the greater the sensitivity.

The current drawn by the circuit
varies between 1.5mA and 5mA
depending on the state of operation,

1 1k

-

12 1M

LDR 111
® ol
1N (PN 5
: 1

R38.2k

141

1
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18.
\

f A RTIMZ Baig

Electret

1
N

7k
=

0.1)

R8 1M

Terminal

7 Piezo
2 @ \ Transducer

— S

7k

17 4.7k °

9 VoIt Battery

chirping circuits as would be the
case in normal operation in quiet,
dark surroundings.

To set up the front end sound and
light detecting circuits, firstly turn the
pre-set pot VR1 clockwise (looking at
the board as shown in the overlay
diagram) After a period, anything up
to 30 seconds, the chirping should
occur provided that the LDR is in
darkness and the ambient noise level
is low.

To increase the sensitivity, turn VR1
anti-clockwise slightly. Wait for the
result. Several steps will be required to
set a satisfactory level. Start this
procedure in a completely dark,
quiet situation, adjust and then wait.
Remember that every time you touch
the microphone, the wires or the
board connected to it, C5 will be
discharged and therefore increase the
off period. You will notice that this off
period is longer with an increase in
the light or noise level.
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HOW IT WORKS

The Output Stage:

The LM380 is a small audio amplifier
with the internal gain fixed at around
34dB (50 times). A unique input stage
allows signals to be referenced to
ground. The output is centred some-
where near half the supply voltage. The
output is also short circuit proof with
internal thermal limiting.

With the supply voltage restraints
given and a minimum 8 ohm load , a
heatsink on the design shown is
generally not required. We have
provided a very small amount of heat
sinking under the board by using the
copper tracks as thermal fins.
Although this does not normally
represent enough sinking if the chip
is to be extended to its maximum
capability, in this design and limited
parameters, it should satisfy thermal
conditions. With a maximum supply
of 15 volts and an 8 ohm load, the
output is around 1.5 Watts per
channel. The input stage is usable
with signals from 50mV to 500mV
RMS.

The Input Pre-Amplifier
Stage:

Two non-committed 741 operational
amplifiers have been configured as

R12.2¢

AMAA.

Mini Stereo Amplifier Circuit Diagram. j

WwW
c1* 1C1 Channel 1
0.1uF R347k 741 Rg1M 915V
nput ol f—wWW s
Pre-amp 1
P Gnd R5 47k I 2N 7
AW
WW 6
R7 47k
w—214
A Speaker or
Headphones
Pre-amp 1 Por 8 Ohm min.
cis Output Amp 1 Load
100uF Input
+
i—
c2* 1C2 Channel 2
01uF| Raazx  741| Ri0IM
nput o W WA
Preamp2 oa | RE47K L
" W2
RS 47k £
w—321+
Y Speaker or
> R2 Pre-amp 2 wer ;kgg;h:‘r::s
b 2.2k Output Amp 2 Load
4 Input

*Tag tantalum type

input amplifiers. Their input stages
have been referenced to a common
point, that is half the supply voltage.
This is simply implemented by using
two 2.2k resistors, R1 and R2 to split
the supply, C15- is the bypass
capacitor at this point. The gain of
each of these amplifiers has been
fixed at 21 by the input resistors R3,
R4 and the feedback resistors, R9,
R10. Input capacitors, C1,C2 isolate
any DC component from the signal.
The output point has been taken to a
connection pad on the board to allow
for maximum user flexibility. In most

cases, this would be used to drive the
final stages via capacitors, C3, C4 and
volume controls, RV1, RV2. If required,
these stages could be used separately,
maybe as experimental bench amp-
lifiers. In one application shown later,
they are configured slightly different to
use the board as a PA amplifier.

With a power supply of 12 volts, the
quiesent current drawn by the total
system is 30 to 35mA, under driven
conditions, the drain could increase to
300ma or more.

Channel 1
5“&/(1 Volume

Control
Input
Power Amp O—
Channel 1
Output O ) O
Pre-amplifier ~ g
Channel 1 | ¢ Pos.

7
5 4
Input Gnd 1 - =0 + Channel 1
Pre-amplifier * 47k Speaker or
Channel 1 3 1M ﬁﬂ 399 L o~ Headphones
R2
.
'I)l:put ” 1 [~ Channel 2
e-amplifier 47k 1N
Channel 2 Gnd 12 0. o+ :Spea hone
Output S 4 h———o Neg.
Pre-amplifier b C -
Channel 2 +
O o0 € e ik O p |
Input Ve
el 2° ©
*Tag tantalum type < 1;\)1“2 %h:lz',‘ﬂ 2

Control

Mini Stereo Amplifier

PC Board Component
Overlay Diagram

st

ASSEMBLY

1. Check off the components in the
kit against the parts list.

2. Insert all the resistors, cut pigtails
and solder.

3. Next insert the ICs and solder.
This may appear a little
unconventional but because of the
size of the capacitors that flank these
ICs, it is easier to load in this
sequence.

4. Now can be
soldered.

polarity of

the capacitors
inserted, trimmed and
Note carefully the
electrolytics.

5. The only connections left are the
volume controls, RV1 and RV2, the
input wiring and the power wires,
The input wiring will be dictated by
how you use the system. In a case
where you are to configure the
amplifiers to provide "big sound” for
your portable Sound Tripper type
AM/FM Stereo System, only the
output stages are used. Where a low

_J
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level signal, like a microphone input
for example is to be used, the pre-
amplifiers would have to be
included.

6. When all connections are checked

and a final inspection of the soldered
joints under the PCBs have been
made, power can be applied. For a
power supply, you will need at least
9 volt at 200mA. The Dick Smith M-

9525, M-9514, M-9560, M-9526, M-
9550 and M-3530 would all be
suitable. Obviously, the 12 volt
supplies would give the amplifiers
the greatest audio output capability.

BIG SOUND FROM YOUR
PERSONAL WALKING TYPE
STEREO

Normally this type of miniature
AM/FM or cassette radio player is
only used for personal listening with
headphones. Now you can get the
big freedom sound by using your Mini
Amp as the stereo output stage,
simply plug it into the headphone
socket.

headphone

By following the diagram, you will
see that any type of 8 ohm speakers
will suit. The power supply is not
critical but should be within the 9 to
15 volt limits. A nominal value of 12
volts would be ideal.

The input to the amplifieris connected
to the output section only, the front
end 741 pre-amps are not used in this
case.

The headphone connector to these
portable type stereo units is normally
a miniature type 3.5mm plug (the
Dick Smith P-1140 for example).

Channel 1
Volume
Control

RV1
50k

b
3.5mm
stereo plug

Simply solder one of these plugs to
the three wires as shown, one for
each channel, with a common earth.
The common is the body or the long
stem of the plug.

The 33 ohm resistor connected
across each channel to ground is a
dummy load for the radio player
when headphones are not
connected. Where the unit has two
headphone output sockets, as most
do, and you can leave one set of
phones connected, these two resistors
are not necessary. In some types, the
headphone plug is the on-off switch.

*When headphones are not connected to the
radio/player, these 33 ohm % or % W resistors
are connected as a dummy load. (see text)

Channel 2
Volume
Control

RV2
50k

L fC
o
O

Wiring Diagam of a typical system using the Mini Amplifier
as an output stage to a Cassette/Radio Player.

°° %12 voit 1A power
o supply (see text}
x
| "y + positive
'7 - A4
R5 4 1
47k
Wy
"3
R2
R101
7k
12 0.
< 4 — neg
-4 1 -
+ 47
oo itz who (&)
&
8 ohm speakers
Ve
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USING PRE-AMPLIFIER
STAGES FOR EXTRA GAIN

The output of the pre-amp s
connected to the input of the output
stage as shown. In this configuration,
the system could be used as an
experimental amplifier where low
level signals are present. It makes a
handy bench or workshop amplifier.
Although no special frequency
response tailoring has been included
around the 741 stages, it could be
used as a microphone amplifier using
dynamic or electret types. These
stages are usable with input signals
from 3.5mV to 100mV RMS.

SMALL PA AMPLIFIER OR
MEGAPHONE

By using the twin output stages in a
"bridge” mode, the output power
can be approximately doubled.

As the diagram shows, the speaker is
connected across the active output
points of each amplifier. The earth or
common in this case is not
connected.

Pre-amplifier 1 is used as an input

stage with a gain of 217and is useful

with signals from 3.5mV to 100mV.
The second pre-amp has a different
function in this case. The gain has
been reduced to unity by changing
the feedback resistor R10 to 47K.
Now this stage becomes an inverter
of the signal to the second output
stage. This satisfies the requirements

nput R12.2%

Pre-amp 1 WW 1+
c1 Ic1 Channel 1 -
741
O.1uF|  R347K RY 1M + b9 12volt
High k W W -
Output Gnd R5 47k I N, c3
ficroph AV 2 . _{'
R7 47k £ = =
WA C11 | Output
4
Pre-amp 1 Power
c1s Output Amp 1
100uf Input
+
-
8 ohm
c2* 1IC2 Channel 2 Speaker [n

01uF| R4a7k 787 |* R1047k
Input Hk WW- WWA
Pre-amp 2 R6 47k
o Gnd PV
WY

R8 47k

AAAA.
WY

~

i: R2 Pre-amp 2
> 2.2k Output I

8 o+
c12 l Output
0.1

R14

Power
Amp 20 Gnd R12
Input

* Note this change (see text).

of the bridge output in that one
input is positive going while the
other is negative. In other words, the
input to the output stages are 180
degrees out of phase. This provides
twice the voltage swing across the 8
ohms load for a given supply thereby
increasing the output power by a
factor of four over that of a single
stage. However, the package power
dissipation will be the first parameter
limiting power delivered into the
load. You see that in this case we
have limited the power supply to a
maximum of 12 volts. In all, the final
result is an output power capability
of around double that of a single
amplifier. The configuration shown is
suitable for input signal levels from

Channel 1

27 I
' +
Circuit Diagram of PA Amplifier

3.5mV to 100mV RMS. Both the
volume controls RV1 and RV2 have
to be turned up and down by the
same amount to control the output.

If you wish, for the sake of convenience,
RV1and RV2 canbe replaced by adual
gang pot.

Where high gain is not required, the
circuit has to be changed. As with
the modified stage of pre-amp 2, the
feedback resistor R9 of pre-amp 1 has
to be changed to a value of 47k so that
itonly has unity gain. In this way, higher
input signals from 50mV to 500mV can
be handled. This makes the system
ideal as a “big sound” amplifier for your
mono radio or cassette player. The
connections can be made to the speak-
erorearphone sockets as described for
the Big Sound Stereo Axmp.

High Qutput
Microphone

Volume
Control
Power Supply
9 — 12 volts
+ -
Q
+
R13
R2
R10 47k o,
R
4 +
+ 47
Ogoo o O
TN
*Note this change Channel 2
(see text) ( ?’Xf &/oﬂrrrglo

Wiring of a small PA Amplifier.

J
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HOW IT WORKS

The circuit consists of three main
sections: the high/low frequency
oscillator centred around the 555
integrated circuit; the output stage
with TR3, LED LD1 and the piezo
transducer; the input gating stage
consisting of TR1, TR2 and the
diodes D1 to De.

Astable

The heart of the system is a 555
timer integrated circuit configured to
operate in the astable mode. When
in the normal state, TR2 is switched
on and therefore C3 is effectively in
parallel with C4. This sets the
frequency of oscillation to around
1Hz, the lamp flash rate. If TR2 is off
because of the state of the gating
circuits, C3 will be out of circuit and
therefore only C4 will determine the
frequency. In this case, the
frequency is around 1350Hz, the
alarm tone heard in the transducer.
This transducer also emits a low click
at the 1Hz rate.

Output

The output from the 555 is directly
coupled to the output transistor TR3
via R10. When this output at pin 3
goes low, (for about one third of the
duty cycle) the PNP transistor is
switched on and therefore sources
current for the load. R13 limits this
current to around 35mA for the LED.
The two parallel resistors R11 and
R12 are used to limit the in-rush
current of the lamp. If a low current
indicator like the S-3510 red bezel is
used, the on current in the output
stage is approximately 100mA and
well within the limits of the BD140
transistor. If a higher wattage lamp is
used, (3 Watt max) the on current
may be within the parameters of the
transistor but the in-rush current to
the lamp may exceed these values.
To be on the safe side, we have
indicated that this power transistor
should have a heatsink. The lid of
the Zippy Box in which the PC board
can be housed is ideal. If this
mounting arrangement is not used, a
small piece of aluminium sheet of
around 1250 square millimetres can
be used.

Components R14 and Cé6 are
included to suppress transient
currents from the 555 and the in-
rush current to the lamp. Where a
current sensing burglar alarm is fitted
to a vehicle, the power needed by
the flashing system may be enough
to trigger this alarm if these two
components were not fitted. In a
case where the burglar alarm is very
sensitive and the flash lamp is the

Off e To Pos
T
1DPDT

Out | Centre Off
L+ C6 + Switch

'
'
i i
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Transducer
.

! .
+ '
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+$ 270 3 Watt Max

To Neg Gnd

D1 4
Headlight 10—pf— AR 4
Switch 4 d
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Switch D2
R2 i'
0k E
—1
b Y R8 3
3 100« ¥
c3
1GN o 2.2ul1
D3 $
TR2
Courtesy Light 1 o—J 1¥-—T
Switch’ ¥ ™~ c1 BC548 [
2.
Boot/Bonnet 2 O—«—4 2uF p b =
Switches etc D4 4 1 A c4
: 4 :E RAZT RE .0022uF
K 3 1k $10k
DS D6

Diodes D1, D.2 & D6 - TN4148
D3, D4, D5 - 1N4002
maximum of 3 Watts, there still may
be a tendency to trigger the system.
In this case, it may be necessary to
increase the size of the capacitor C6
and the value of R14. Try 2500uF for
C6 and 4.7 ohm for R14.

Gating
The gating circuits operate in three
states on the change of polarity at
the input.

Firstly, the courtesy light sensors with
switches that operate against
negative ground. Normally with all
switches off, the input to the diodes
would be positive or open circuit if
the courtesy lamp is not in circuit or
blown. In this case, the diodes would
be reversed biased and have no
affect on the TR2 circuit. TR2 would
be forward biased via R5, assuming
that TRT was not switched on. C3
would be switched into circuit to
produce a 1 second flash rate. Now
assume that one of the door switches
on the courtesy light system is
switched on. The diode D3 or D4
depending on which one s
connected, is forward biased via R5
and this deprives TR2 of base current
and switches it off. The diode D6 is
included in the circuit to lift the
base/emitter voltage above negative
ground to assure correct operation of
this gating action. C3 is now out of
circuit and as a consequence, the
astable runs at the high alarm tone
rate.

Secondly, the diodes D1 and D2
together with TR1 operate against
positive in the active state. Assume
that the ignition switch is off. This
connects the emitter of TR1 to
negative  ground  through the
components of the electrical system
of the vehicle that are normally
powered via the ignition switch when
it is on. The ignition coil, (if the
points are closed) the battery
charging system and the instrument

—Neg Out
Minder Circuit Diagram

circuits are part of this path to
ground.

If the headlights or parking lights are
on, the diodes D1 and D2 are
forward biased via R2 and the
base/emitter junction of TR1. This
turns TR1 on and again deprives TR2
of base current. The same action as
described previously then follows.

When the lights are off, the diodes
and TR1 are non-conducting and this

circuit has no effect on TR2.

If the ignition switch is on, TR1 is
turned off and therefore does not
gate TR2. Even though the lights may
be on in this state, no alarm is
required as this condition would be
normal with night driving.

C1 is included to suppress transients
on the ignition power line. R3
provides current limiting in TR1 to
Zener breakdown voltage that occurs
when the emitter/base is positive
with respect to the collector.

Thirdly, when the negative power
wiring to the unit is switched off,
positive still active, the circuit will be
disabled. This is shown on the wiring
diagram with the power switch in the
'in car position. This state is used to
warn the occupants of the vehicle
that a door, bonnet or boot has
opened when driving. As soon as one
of the switches connected to these
points makes contact to ground, the
diodes D3 or D4 together with D5
connects the negative line of the
¢ircuit. This circuit action also makes
sure that TR2 is off and therefore
causes the astable to run at the high
alarm rate.

If the ignition is off in the ’in car
position, a low level alarm tone will
be heard. Resistor R4 provides a low
current path to ground to cause this
action. This is a reminder to the
driver that the unit is still on and has
to be set to the ‘out of car position
or switched off.

W
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ASSEMBLY

o

1. Check off your kit of components
against the parts list.

2. Load all low profile components
including resistors and diodes into
the board. Note the polarity of the
diodes. Cut pigtails and solder in
position.

3. Insert all capacitors, again being
careful of polarity. Cut and solder.
Insert PC board pins in the output
wiring point holes and solder.

4. Insert the 555 IC and the two
BC548 transistors. Do not insert and
solder the BD140 and the LED at this
stage.

5. The housing or mounting of the
PC board will now have to be
considered as this will affect the
wiring, If you are not going to use
the suggested Zippy Box mounting
method, carefully plan the wiring and
mounting arrangement.

6. The PCB is designed to fit into a
UB5 H-2755 Zippy Box. The front
panel label for this box can be cut
out from the rear of this book The
position of the external components
to the board are shown on this panel
but it is not necessary that they are
mounted in this way. You may wish
to use only the LED as the flashing
indicator and mount it in some
prominent position in the dash or
instrument panel of your car. The
power switch can also be mounted
in the dash. These differences will
have to be thought about in your
wiring plan.

7. To position the components on
the Zippy box lid, simply place the
label accurately on the surface and
mark the centres with a sharp scriber
or simliar instrument. Drill all holes
as required--the S-1286 centre off
switch requires a 6mm to 6.5mm
hole, the LED 5mm, the transistor
3mm and the transducer wiring
access hole can also be 3mm. If you
wish to mount the transducer with
screws, drill 2 x 2mm holes at the
position shown. The label can now
be glued onto the lid with a suitable

TR2 BC548
Diodes D1, D2 & D6 - 1N4148
D3, D4 & D5 - 1N4002
& 2234 g 3
§ £ 538 ¢ *
£ £33 §
5 3 z &
R
rubber based contact adhesive.

Punch out the holes by using the
shank of the previously used drill.
Push it through from the front to rear
surface. A hole will also have to be
drilled in the centre of the bottom of
the box to allow wire access. The
size and the number of wires coming
from the board will dictate the size
of this hole; around 6.5mm will
generally be large enough. ‘

8. If you wish, a terminal strip such
as the Dick Smith H-6700 could be
used as an easy means of
connection. This could be mounted
on the rear of the Zippy box. This
means that the wires to the PCB
would only have to be short
Alternately, if the wires are to go
directly to the external connections,
they have to be long enough to go
from the box mounting position.

9. Before the wiring is soldered, the
BD140 transistor has to be aligned,
soldered and mounted. This is done
by sliding the PCB into the last slot
position in the box. Now loosely fit
the transistor into its holes in the
PCB the right way up with the metal
section facing towards you. Now
place the lid above the normal fitted
position on the box and move the
transistor around till the mounting
holes align. Without moving this
position, solder the transistor legs. If
the LED is to be mounted in the
panel, it can be positioned and
soldered to the PC board pins. The
legs may have to be bent slightly to
accommodate the body in the hole.
10. PCB Wiring.

All wires can now be soldered to the
appropriate points on the PC board. Be

careful to see that all strands of the wires,

are around the pins. Stray strands may
short out against adjacent
components. If the power switch to
be used is the S-1286 and is
mounted in the box as shown, it can
be connected with short lengths of
wire to the PCB as necessary. The
piezo transducer can be mounted on

_ improve

Heatsink on fransistor, see text

~Negative

Minder PC Board Component Overlay Diagram

the lid and the wires brought through
the hole provided. It can either be
stuck to the surface with glue or
double sided tape or bolted using
2mm/8BA screws. The wires are
soldered to the appropriate points.
11. The unit can be tested at this
stage. Connect the 12 volt power
supply. Without any of the gating
wires connected, the LED should
flash when the switch is in the ‘out’
position. A low level click should also
be heard from the transducer. Now
touch one of the courtesy wires to
the negative terminal; the alarm tone
should sound. The LED or lamp, if
connected, will glow at low level.
Now connect the IGN wire to
negative and then touch one of the
LGHT wires to the positive line,
Again, the alarm should sound. Flick
the power switch to the IN position.
If the IGN wire is connected to
negative, a low level tone will be
heard in the transducer. Now touch a
CTSY wire to negative; the full alarm
sound should be heard. If all is well, the
case assembly can be finished. If all
or some of the functions do not
operate as indicated, the wiring
connections or circuit will have to be
checked.

12. Mount the power switch to the
panel. The power transistor can be
attached with a 3mm/6BA screw. Do
not forget the mica washer between
the body and the lid. If you wish,
thermal compound can be smeared
on either side of this washer to
heat transfer efficiency
although it is really not necessary in
this application. Do not tighten the
screw securely at this stage. The LED
should fit snugly through the
mounting hole. The total assembly
can now be slid into the last slot in
the Zippy box. Be careful not to
pinch out any of the wires under the
PCB. When the assembly and the lid
are mounted squarely in position,
tighten the transistor mounting screw
and fit the case screws.
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HOW IT WORKS

The total circuit is based on a quad
operational amplifier, LM324. One
section is used as an input amplifier
to raise the signal level to a figure
usable by the following three active
filter circuits. The output of these
filters directly drive the display
section, three banks of four LEDS.

The input stage of all op-amps is
taken to a common adjustable
reference point. Zener diode ZD1
stabilises this voltage for input
supply rail voltages ranging between
9 and 15 volts. RV2 adjusts this
reference point around 6.5 volts to
be used as the threshold point to
switch on the LEDS.

The input signal is fed into the pre-
amplifier (1) via a 50k pre-set
potentiometer that acts as a master
level control. The signal is amplified
around 20 times by this stage and
fed to each filter via individual level
controls RV3 to RV5. Op-amp 2 is
the high pass filter, 3 is the mid band
pass filter and 4 is the low pass. The
filters themselves are reasonably basic.

The low pass, section 4 is a modified

first order design. Op-amp 3 is used
in a multiple feedback band pass
configuration. A modified second
order filter is used as the high pass.
As the actual performance of each
filter does’ not have to meet any
strict criteria, no attempt was made
to choose precise values in order to
achieve text book figures. The low
pass operates up to around 500 Hz,
the band pass operates in the region
from 1kHz to 2.5kHz while the high
pass is active in the 2.5kHz to 15kHz
region. These figures would tend to
indicate that there are 'holes’ in the
response but in actual use, the
controls are easy to setup and this
results in a smooth changeover and
dynamic display.

The diodes D1 to D3 in each filter
are used to make the display appear
brighter. Where the signal or music is
of staccato nature, the display would
tend to be dull. This is not because
the LEDS are not driven hard enough
but because the on time is very
short. This short burst of light is
interpreted by your eyes and brain
only as a dull blink. This is where the
diodes and storage capacitors C5,

R2010 w L S S N

R21100 w . % % %

Green LEDS
o1 2 3 4

High Frequencies -

Orange LEDS
LD5 6 7 8

Mid Frequencies

-.-1l+

Low Frequencies

Mini Colour Organ.
Circuit Diagram.

C10 and C11 come into action. The
combinations act as pulse extenders
so that the on time of the LED is
increased. In this way the brain is
effectively fooled into registering the
sensation as a short , bright burst of
light.

Resistors R20, R21 and the diode D4
are included in the display to
equalize the threshold switching
points and brightness of the LEDS.
The operating voltage of LEDS varies
slightly with different colours, red
around 1.6V, orange around 1.7V and
green around 2.2V. This is the reason
for the odd differences at the output
stage of each op-amp.

The standby current drawn by the
circuit is approximately 13mA with a
DC rail of 12 volts. The power supply
used with this project should be
capable of handling 200mA or
greater.

Input Voltage: 100mV PP minimum
value for satisfactory operation, 400mV
PP for smooth operation.

Input impedance: 20k

DC Supply: 9 volt min. to 15 volt max.
@ 200mA min.

_J
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1. Firstly check off all the 5. Where the Zippy box has been Now assuming that all is correct,
components supplied against the used to house this project, some adjust the threshold pot, (RV2)
parts list. provision has to be made for the clockwise (when looking at the board

2. Next load in all the low profile
components including the resistors
and diodes. Cut off all pigtails and
solder the joints. Now all capacitors
can be installed and soldered. The
pre-set pots followed by the LM324
IC are then inserted and soldered.

3. The last components to go in are
the 12 LEDS. How you wish to house
or mount the board will dictate how
the legs of the LEDS are to be bent.
The board will slip in lengthways into
a H-2753, UB3 Zippy Box. In this
case the LEDS would have to be
bent at right angles to penetrate
through the lid. Be careful when
making these bends: don't put
excessive strain on the body. Hold
the legs near the body itself with the
tips of a pair of long nose pliers.

To mark the LED centres in the
Zippy Box lid, firstly cut the label
from the page at the rear of this
book. Place it accurately over the lid
and mark the 12 centres with a
scriber or similar sharp pointed
instrument. Now drill 5mm holes at
these points and clean off all burrs. With
rubber based contact adhesive, glue
the label accurately onto the lid. The
rear shank of the drill can be used to
punch out the holes in the label by
pushing through from the front
surface.

4. All that is left to do is connect the
necessary wiring to the power supply
points and to the input stage.

e

wiring. A hole can be drilled through
the rear bottom of the case to allow
for access. 4mm to 6mm will suffice.

To allow the five controls to be
adjusted with the board inside the
case, holes will have to be marked
and drilled at the adjustment point
centres. Once set, four of these
controls don’t really require further
adjustment. The only control that
does have to be continuously set is
the Input Sensitivity adjust pot RV1.
If you wish, the preset control can be
replaced by a conventional pot with
shaft and knob. It could be mounted
at the rear top of the case with
access from the back Three wires
would be necessary to connect it to
the PCB.

Getting It Operational

The nominal power supply for this
unit is 12 volts although any value
between 9 and 15 volts can be used.
When the power is first applied, the
LEDS will give a momentary flash.
This is a rough indication that at least
most of the circuit is operational. The
next quick test is to measure the
current drawn by the _circuit by
connecting your multimeter in series
with the power supply. With no
input signal, a reading in the order of
10 to 25mA should result with a 12
volt DC supply. A reading well
outside this area would tend to
indicate that something is wrong.

as shown in the overlay diagram). If
you still have your meter connected,
you will see that the current
increases as the pot is turned. If all is
normal, some of the LEDS will start
to light. The correct setting for the
pot is just before the point where
the LEDS give a faint glimmer.

Now connect some form of audio
signal to the input. It may be from
the speaker or earphone terminals of
a transistor radio or the output of an
amplifier. The only requirement is
that the signal is over 100mV PP .in
level. The radio or amplifier turned
to the normal listening level will do
fine. Next turn RV1, the input
sensitivity control anti-clockwise till
there is a bright display on any of the
three LED banks. Now each of the
individual frequency sensitivity
controls can be varied to give the
most dynamic display. The maximum
sensitivity in each case is when the
controls are fully anti-clockwise. For
the display to be effective, the music
input should cover all frequencies.
After the three controls are set, it
should only be necessary to vary the
input sensitivity control to set the
display. Although not supplied in the
Dick Smith Kit of parts, a
conventional pot with shaft and knob
could be substituted for RV1 for a
more  convenient  control, as
described previously.
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HOW IT WORKS

The basic operation of the unit
requires that the operator has to
press in sequence, four pushbuttons
in order to switch the output stage.
These switches not only have to be
pushed in the correct order, but also,
the action has to be carried out
within a specific time period. A
switch that is pressed out of turn or
out of the correct time slot will result
in an alarm state.

Each switch is connected to a simple
monostable in each case, one half of
a 4013 CMOS pack. These 'D’ type
flip-flops are configured as monos by
connecting the 'Q outputs back to
the reset input via a
resistor/capacitor combination. A
LED (light emitting diode) is wired to
the ‘Q’ output to show the mono in
the active state.

A switch register 1C2b, or more
accurately, a switch released register
is provided and is indicated by LED,
LD5. A NOR gate, section (a) of a 4
input 4002 is used to provide the
necessary gating to enable this
function. If the correct sequence of

General circuit diagram of Combination Time Lock Switch. All
components shown. See individual diagrams for details of

specific requirements.

events is not entered, the alarm
register, IC4b will be triggered via
pin 3, the clock input, and the
second half of the 4002 NOR gate
configured as an inverter. The LED,
LD6 will show this state.

To Switch The Output Stage

The sequence of events is initiated
by pushing SW2. This applies a'1’ to
the clock input, pin 3 [C2a that
activates this mono on the rising
edge of the transition. This 'D’ type
flip-flop transfers the ‘1’ on the data
input, pin 9, to the 'Q" output, pin
13. The complementry output 'Q’
goes low and consequently lights
LD2. The 4.7uF capacitor C1 is now
charged via the 470k, R5. When the
voltage on pin 10 the reset input,
reaches the threshold point, the flip-
flop reverts to its original state. This
mono period takes around 1.5
seconds.

It is within this period that SW3 has
to be pressed to follow the correct
series of events. The same action as

described above is repeated for this
mono 1C3a except in this case, the
‘D’ input, pin 5 receives ‘1’ from the
previous mono 'Q  output. This
second action in the sequence is
reliant on the first mono to be in the
active state before it can be enabled.
Again, the time out period for this
mono is around 1.5 seconds.

While in this active state, SW1 has to
be pressed, then slightly after, SW4, It
is here that another parameter is
entered to further increase the
combination security. This third
mono 1C3b will not trigger unless the
first is off and the second is on. If for
example, IC2a is still on, 'Q’ output,
pin 13, will be high and therefore pin
10, the reset input of IC3b, will also
be held high via D1. This holds the
mono in the original state and any
clock pulse from SW4 will be
ignored.

Now assume that SW4 was pressed
at the correct time, the mono will flip
and the 'Q’ output at pin 13 will go
high and remain on for around 4
seconds. It is the positive going

J
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HOW IT WORKS (cont.)
transition of this output that now
triggers the control flip-flop, 1C4a via
the clock input, pin 11. SW1 has to
be on at this time so that '1" is
present on the data input, pin 9. This
is transferred to the 'Q’ output, pin
13. The transistor, TR1 is now
switched on and therefore the load
connected to its collector.

Depending on how the control flip-
flop is configured, it will either reset
after a period of around 4 seconds or
remain on. The two resistors R13 and
R14 determine this state. If wired
with R14 left off the board, the
circuit behaves as a flip-flop and has
to be turned off. This is done by
repeating the  normal  switch
sequence except that SW4 is not
pressed therefore transfering a '0’ to
the output and turning off TR1. If
R14 if left on the board and R13 is
removed, the circuit will behave as a
monostable and automatically reset
after a short period.

False States That Cause an

Alarm

Unlike the switch registers, the alarm
register output, pin 1 is high and
normally set, As previously
described, any switch pressed will
activate the switch register, IC2b via
the NOR gate. The time out period
for this mono is around 3 to 4
seconds. If it is in the active state,

This is inverted by the NOR gate to
make the clock input, pin 3 of the
alarm register 1C4b, low. If the
correct sequence has not been
entered, the data input, pin 5 of this
register will be low because of the
state of SW4 switch register, IC3b'Q’
pin 13. At the end of the IC2b time
out period, the output will again
revert to the original state and
therefore the clock input at pin 3 of
the alarm register will go high. it is
on this positive going transition that
the data on pin 5, (0) will be
transfered to the output, pin 1. This
then is the alarm state indicated by
LD6 and the alarm output stage. This
555 timer output stage can be
configured to operate in different
ways to drive piezo transducers,
speakers, relays etc. The alarm
register itself can also be made to
operate in different modes, either as
a mono with a 1.5 second timeout or
a flip-flop that remains on till such
time as the normal correct turn off
sequence is activated.

Other Circuit Detail

The alarm output stage 555 can be
made to operate in an astable mode
to be used as a siren. The output at
J8 can be used to drive a piezo
transducer or speaker. In this case it
is switched on and off by using the
reset facility at pin 4 linked through
J2, )3. The timing capacitor, C9

frequency. By varying the value of
this capacitor, the frequency can be
changed.

It can also be used as a monostable
to give an output period determined
by the timing capacitor connected to
pin 6. With a 33uF capacitor, this
period will be around 50 to 60
seconds. This mode uses the trigger
input, pin 2 via links )5, J6 to control
the switching state.

The control output stage uses a
BC337 transistor to drive a relay. The
contacts of this relay can be wired to
the device that is to be switched on
and off. The diode D4 is a transient
suppressor to remove any inductive
spike from the relay coil.

All mono timing capacitors are
refered to the positive supply rail so
that the correct state is set during
the power up sequence.

Variation of Timeout

Periods

The period of each mono can be
varied by changing the timing resistor
in each case. These are R5, R7, R9,
R11, R14 and R18. If it is found that
one or more of the timing periods
are outside the range needed for
normal operation, it may be
necessary to change one or more of
the above values to fit within the
combination sequence.

the 'Q’ output, pin 1 will be high. 220pF determines the output
sw2 I l swi I ]
il B e |
1IC26 J g::sbal lg«tb
sw3 I I ::C‘_"‘(’ L J
Ié:3a ] l gxb [ 1 1C4b shown as mono
swi /| ‘ g:/g 3 Jm"mumj-mmmLICS shown as gated astable
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alse state switching sequence timing diagram that results in
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output on.
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into the case. It should be adjusted
so that the assembly fits snugly in
between the mounting posts inside
the case.

To fit the LEDS, simply thread the
legs (observe the polarity) through
the appropriate holes in the board,
adjust and bend slightly so that the
body penetrates and fits squarely
into the panel hole. Solder into
position.

The piezo transducer is simply glued
to the rear of the panel over the hole
previously drilled. The 9 volt battery
is located over IC3 and IC4 bodies,
between C1 and TR1. A small piece
of foam can be used to hold it in
place. The whole assembly can now

swz
LD4 LD6 LD1

9 volt Battery

R14 1M

R1

R22 150

Piezo Transducer

be inserted into the case, it should fit
snuggly into position.

As you can see, we have not
provided any on-off switch with this
circuit. The object of the game would
be somewhat lost if the alarm could
be stopped by turning off the power
switch. For those who wish to include
such a facility, this could be done by
connecting a small switch into the
positive lead of the battery lead and
mounting it somewhere in the case.
As the circuit only consumes a small
amount of current in the standby
state, around 5mA at 9 volt, the
screws could be tightened and the
unit left on for the life of the party.

% For alternate turn ON, turn OFF action;
Remove R14, leave R13 in circuit.

For turn ON via the correct switch action
but with automatic turn OFF;
Remove R13, leave R14 in circuit.

Variations

The switches could be wired in other
ways to change the combination.
This would involve using a small
amount of hookup wire to carry out
the modification.

The alarm register could be modified
so that the alarm sound stays on

rather than the short period as
described. This is implemented
simply by removing R18 and

inserting R16. Now the alarm has to
be turned off by the correct
sequence. This mode could be used
as an embarassment piece for those
people who insist on fiddling with
things. Great for loungeroom tables,
offices, waiting rooms, board rooms
etc.

COMBINATION TIME LOCK SWITCH WITH RELAY CONTROL OUTPUT.

With this application, the control
output is put to use to drive a relay.
The contacts of this relay could be
considered simply as a small switch
and used as a substitute for an on-off
switch in an alarm system. You may
wish to have a small alarm on your
bedroom, locker, toolbox, workshop,
darkroom, glasshouse, car or bike.
The combination lock switch in this
circumstance would have to be
interrogated before entry or access is
gained into this area. The red LED,
LD1 indicates if the switch is on or
off. Any attempt made to ‘fiddle’ the
combination will result in a short
alarm signal from the transducer or
speaker, whatever used.

Circuit Detail Changes

Control Register

The control register 1C4a is
configured as a flip-flop in this
application and is wired as shown.
R13 is wired in circuit, R14 is left
out. This circuit then behaves as an
on-off switch controlled by the
correct combination sequence. The
transistor TR1 drives a small relay.
Any 12 volt coil type with a
resistance of 120 to 350 ohms could
be used. The type shown is only
suitable for low voltage, low current
switching applications.

Alarm Register

The alarm register, IC4b is wired as a
short monostable in this case; R18 is
left in circuit, R16 is left out. The 555
output stage is switched on and off
by this mono at the reset input, pin 4
via )3, J2. The output is connected to
a piezo transducer as the warning
device. A speaker horn could be
used as a substitute but it must be
realized that the output from this
system is not great.

—
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Combination Time Lock Switch with Relay Control Output
PC Board Overlay Diagram.
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= e o physical size of this electrolytic will to a drunk, don’t drive situation.
p1 EE D2 tend to limit what can be used in the Because the combination sequence
:’553 board. requires a specific time control, a
= : . person who has had too much
WARNING . vghl.de D'sab.le . alcohol to drink will not be able to
The system could be used with This simple combination lock can be interpret the switch time intervals
relays W.Ith a 12 volt coil and 240 applied to a vehicle to prevent ghe correctly and end up not being able
volt mains rated contacts. In the motor being started. By connecting .
; : to start the vehicle.
interests of safety, we strongly the relay contacts across the points
recommend that an application used of the ignition system, when the This application should not be taken
to switch mains operated equipment combination is on, the points are too seriously but is a thought that
is left to the experts. Experimenters shorted and any attempt to start the can be experimented with under
Lshould not enter into this area. motor will result in failure. controlled supervision.
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Combination Time Lock Switch with Relay Output on
Control and Alarm outputs. PC Board Overlay Diagrams.
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A S done by qualified personel and not after a false state has been entered,
TRz be attempted by experimenters. R16 is wired in circuit and R18 is left
= out. The 555 output stage follows

Alarm Relay Output

A relay can be connected to the 555
alarm output stage to give a more
flexible use of this function. This
relay could be used to switch sirens,
bells, alarms, lights etc. Again, if 240
volt mains equipment is to be

In this configuration, the alarm
register can be wired in two ways.

Firstly, if a short alarm period with
auto reset is required, R18 is wired
in circuit, R16 is left out. This
produces a short on period to trigger
the 555 that is also configured as a
mono with a time out period of
around 30 seconds.

the register and remains on.

In both cases, the output stage is
wired with J1 joined to )2, J6 is
joined to J5. The relay is connected
between J9 and the negative supply
rail. The diodes, D5 and D6 are
required for correct operation of the
555 in this relay drive mode.

J
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HOW IT WORKS

The circuitry consists of five main
sections. The display uses two LT313
seven segment LED readout devices
driven by two 4511 CMOS
decoder/drivers. Two decade
counters precede this display, both
in one 4518 CMOS pack. The clock
pulse to these counters is supplied
from a 555 timer configured as a
voltage controlled oscillator initiated
by the pushbutton SW1. A decoding
system made up of 4030, 4001 and
4071 gates register a win state at
various levels. Win indicators in the
form of single LEDS, LD1 to LD4 are
driven by 4009 inverter/buffers,

The display section is straight
forward and uses common cathode
seven segment readouts. The 4511
BCD to seven segment
decoder/drivers perform the
necessary current sinking to the
displays via the 680 ohm limiting
resistors. It also provides the
decoding between the counters and
the seven segment format.

The clock pulse is derived from a
555. The circuit used needs a little
explanation. The circuit is configured
basically in an astable mode with
one exception. The resistor (R15)
that would normally be connected to
pin 7 and taken to the positive rail to
act as the charge rate component, is
in this case taken to a storage
capacitor C2. When SW1 is pressed,
the voltage on C2 is raised to the full
positive rail potential. This would
then represent the normal astable

Output to Sound Transducer

LD4

mode of operation. When the switch
is released, C2 is discharged mainly
through R15 into the discharge,
threshold and trigger input of the
555, pins 7, 6 and 2 respectively. As
the voltage decreases, the charging
current through R15 into the timing
capacitor C3 will be reduced
proportionally and therefore the
charge period will be longer. This of
course slows down the clock
frequency and reaches a point where
it eventually stops. This happens
when the voltage on the threshold
sensing input pin 6 falls below two
thirds of the rail voltage. Resistor
R17 is included to assure complete
discharge of this control system. This
circuit action represents the pull of
the handle and the rolling action of
the wheels, The output at pin 3 of
the 555 is also used to drive a piezo
transducer to simulate (very roughly)
the ‘rolling noise’ of the machine
cylinders.

The output of the counters is taken
to a decoding network to register the
various numbers that are interpreted
as win states. The quad EXCLUSIVE
OR gate, along with the three input
OR gates, decode an equal state
when both digits of the counters are
the same. The state is buffered by
the 4009a inverter and registered by
the green LED, LD1.

Gate IC6a of the quad two input
4001 NOR pack decodes the least
significant bit of each counters BCD
output code to register an even
number via inverter 4009c and the

Lil Pokey Circuit Diagram

green LED, LD3. The OR gate IC7d
uses the decoded equal signal at
1C7c together with the even signal,
via inverter I1Céb, to register an equal
and even state at the red LED, LD2.

The ‘jackpot 88’ is decoded in a
roundabout way by monitoring the
most significant bit of the ‘tens’
counter BCD output code and the
even and equal states. If a "1’ is on
this most significant bit, pin 6 of
4518, the decimal number for this
‘tens’ digit can be either 8 or 9. If at
the same time, the decoder finds
that the evens condition is true, then
the number must be '8’. This satifies
the ’tens’ decade state but dosn't
include the ’unit’ decade. This is
done simply by looking for an even
state of both decades. In this way,
the number must be '88’. Gates 1C6¢
and d perform this function via the
even and equal state at IC7d. The
jackpot is registered at the red LED
LD4.

A simple additive circuit surrounding

‘the 4009 inverters e and f is used to

emphasise the jackpot win. When a
decoded ‘88’ appears, the output at
IC6d goes high and reverse biases
the diode, D1. This enables the low
frequency astable oscillator made up
from these two inverters. The output
is connected to the display driver
blanking inputs. This causes the
seven segment displays to flash on
and off at the frequency of this
oscillator thereby greatly emphasising
the exciting fact that you've won!

y
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now be wired. This completes the
assembly and wiring of the PCB.

8. Now compare your assembly
against the overlay diagram. Check
that values of components are
loaded into the correct position, note
all polarity orientation. Take a close
look at the underside of the board
for bad soldering or tracks that may
be shorted out by small slivers of
solder.

Fit batteries to the carrier, push on
the snap and switch on. Some form
of display should result. Press the
pushbutton and release. The display
should run, fast at first then gradually
slow down. After two or three
seconds, it should stop. You will
notice that the 'units’ display (RHS),
will run much faster than the ‘tens’.
This is the correct operation as the
first counter divides the clock
frequency by ten before reaching the
second. Run through the operation
several times to see if the win
indicator LEDS operate as per the
winning table. Obviously the 'evens’
will come up on a fairly regular basis
whereas the ’jackpot’ may take all
night.

9. Front Panel

After you have resisted the playing
urge, the board and box assembly can
be finished. The front panel label can
be cut from the rear of this book.
Position the label accurately over the
Zippy Box lid so the outline aligns with
the edges. With a sharp scriber, centre

or similar straight edge, join the dots
you have just marked so that you
end up with the outlines of the
rectangles clearly visible. The 3mm
holes for the LEDS and the
transducer, the 7mm hole for the
pushbutton and the 2.5mm holes for
the slide switch can now be drilled.
Be careful with this operation: don’t
let the drill slip or move off the hole
centres. The rectangular holes can
now be cut out. This can be done
with a piercing, jewellers or coping
saw and the edges dressed with a
needle file or similar. If these types
of saws are not available, a needle
file or similar can be used to shape
the hole. In both cases it will be
necessary to drill a small pilot hole in
the centre of the cutout to allow
access of the saw blade or file. Again,
be very careful with this procedure;
it would be a pity to ruin the project
by overshooting the display window
outline or damaging the panel.

The label is now positioned over the
panel after coating the rear with a
rubber based contact adhesive.
Make certain it is in the correct
position before securing. Now with
the shank of the drill previously used
to drill the holes, punch out from the
front surface to the rear, the
appropriate LEDS, switch, transducer
and mounting points. The rectangular
sections for the switch and display
window should be cut out accurately
with a razor blade or similar
instrument. If desired, a small piece
of red filter material can be gilued to

Screw on the 25mm spacers and tighten.

The battery carrier is placed in the
bottom of the Zippy Box and a piece
of foam plastic is centred over the
top. The PCB is fitted over the top
and 4 x 4BA screws fitted through
the bottom of the case used to hold
the total assembly in position. When
the screws are tightened, the battery
carrier is held firmly in place by the
foam. The piezo transducer (if fitted)
can be glued to the rear of the panel
over the previously drilled holes. The
panel can be fitted to the box and
the mounting screws secured. Four
rubber feet can be fitted to the
bottom of the box. This completes
the assembly.

TO PLAY THE GAME

This is a game of chance and
requires selected numbers to come
up on the display to affect a winning
combination. The table listed below
shows these combinations that are
indicated by the LEDs. The score
weighting is shown at the right of this
table. The winning states that are
most likely to occur are two even
digits and are rewarded with only a
small score. The least likely to come
up is the number 88. This number is
considered the Jackpot and is
emphasized by a flashing display.

How you use the score system is up
to the players but we feel sure that
many an entertaining hour can be
spent. Lil Pokey will be the centre of
attention at any party.

punch or similar instrument, carefully g‘ne_orf?ir .ct’f hthtﬁ d'?glayt W'"gow‘ Thz Win States | Score Indicators | Score
mark the centre for LEDS, transducer the usva1lbf1téone p'nzg rans l:\(t:::jan
and switches. At the corner of the the panel can be mou on Botheven | 1 | | * )
rectangular cutouts for the displays P : digits
and slider switch, lightly and 10. Case Assembly E i
. . ual digits | 0 | O 0 5
accurately mark these points. Mount the 4 x 4 BA screws and the hex a 8 *
Remove the label. Now with a rule nuts on the PCB and tighten securely. Even & BE IE JE 10
equal digits
The assembly shown inside Jackpot 88 | ¥ | ¥ | ¥ | ¥ 50
the optional Zippy Box.
On - Off Pushbutton
Slide switch switch
C% =)
T e o
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( ’ : : 4BA Screws
o /U\ _;j\' . - 3 PCB ~
I b N ‘ N RS ot
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HOW IT WORKS
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The circuit has two basic timing
periods. The first and the longest is
the decision period. During this
cycle, a decimal number is displayed
by the seven segment readout. At
the same time, the binary equivalent
of this number has to be keyed in
and held by the four pushbuttons.
During the second period, the
display is blanked, at the same time
the number keyed and the number
appearing on the output of the
decade counter are compared. If the
comparision is the same, the ’‘yes’
LED will light. Conversely the 'no’
LED will come on if the two numbers
are not the same. After this
comparision is made, the decade
counter is clocked by a free running
oscillator. The system returns to the
first state to repeat the cycle.

Decade Counter Clock
And Display

The decade counter (half of the
4518 CMOS pack), a free running
clock made from two inverters (4009
CMOS buffers), the seven segment
LED display (LT313) and a variable
gating system (4013 and 555) make
up what may be loosely considered a
random number generator.

During a short gating period of
around 20mS from the output of a
monostable (half of the 1C4 4013
flip-flop configuration), the decade
counter is clocked by the free
running astable made from two
inverters of the 4009 running at
approximately 20kHz. At the end of
this clock burst period, the last
number in the count is stored in the
counter and is present at its outputs
Q1 to Q4. These outputs are
connected to the 4511
decoder/driver for the display, at this
stage blanked.

System Clock

A 555 timer is used to generate the
two timing periods in the operating
cycle. It is basically a low frequency
oscillator with a variable mark-space
ratio. The longest of these two
periods, the decision cycle, is around
3 seconds and pin 3 is high. During
this time, a decimal number is
displayed and a binary equivalent
has to be entered. For the second and
shorter period, around 0.6 seconds,
the output is low. This is the active
system clocking period.

The decision period can be
shortened by using the 555 voltage

control pin 5. This is driven by a 741
op-amp that is used as a high input
impedance buffer of the voltage
present on the 10uF storage
capacitor C3. This actual voltage can
vary somewhere between the supply
rails depending on the state of the
decision memory flip-flop output pin
13 of I1C4.

Let's assume that the last answer
resulted in a true answer. The 'no’
LED would be off and therefore the
Q output, pin 13 would be low. This
would result in C3 being discharged
towards the negative rail via R18.
This decreasing voltage is applied to
the 555 via the op-amp buffer
(current limited by R25). This
decreases the threshold operating
point (normally two thirds the supply
raill and therefore shortens the
charging period of the timing
capicitor C5, (10uF). This results in
reducing the 555 on time and as a
result shortens the decision period.
Ffom this action, we can see that if
the correct answer is given, the
decision time is reduced and the skill
required to make these decisions is
increased. Conversly, if a mistake is
made, the 'yes’ LED will be off and
therefore pin 13 of the 4013 will be

W
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high. This results in an increase in
voltage on C3 and as a consequence,
the decision time will be increased.
The range of this time period may
range from around 3 seconds to less
than 1 second. If a shorter period is
required, this can be reduced by
changing the 555 timing charge
component R22. Try 100k down to
68k.

Correct Answer
Counter

The second half of the dual 4518 is
employed as a simple counter. It
accumulates the sequential correct
‘yes’ answers and its outputs Q1 to
Q4 are used to stop the system clock
when a ’‘full card” is reached
depending on the position of the 4
position switch. When the output
connected via this switch goes high,
it is inverted by the 4009 (f) and
stops the 555 via the reset input, pin
4, This results in a ‘'winning card’ and

stops the game. The display is
blanked and will remain in this state
till the START button is pressed. This
restores the counter to zero so that
all outputs are low. The 555 is once
again enabled. Any 'no’ answer will
reset this counter to zero via D5.

Comparator

During the decision period, the
binary equivalent to the decimal
number displayed on the readout
has to be entered into the four
pushbuttons SW1 to SW4. This
number is compared to the binary
output of the decade counter using
four EXCLUSIVE-OR gates of the
4030. If the ‘same’ comparision is
made, all outputs of the 4030 will be
low and diodes D1 to D4 will be
reverse .biased. This results in the
data input, pin 9 of the 4013a being
held low by R14. If the switch
combination was 'not the same’ as
the counter output, at least one of

the 4030 outputs would be high and
therefore pull the ‘D’ input high.

When the system clock changes to
the active period, pin 3 of the 555
goes low. This signal is inverted by
the 4009 inverter (e) and transferred
to the clock input of the 4013, pin
11. It is on this positive going
transition that the 4013 transfers the
logic level on the data input, pin 9 to
the 'Q’ output, pin 13. If the ‘D’ had
a low level from the comparator, a
‘yes’ answer would result on the
green LED.

When the system clock reverts to the
decision cycle, this positive going
transition at pin 3 of the 555 will
clock the 4013b mono via pin 3. As
discussed previously, this short mono
period will enable the decade
counter clock system and at the same
time, clock on the answer counter.
The display will also be enabled as
the blanking input of the 4511 goes
high.

TO PLAY THE GAME

Switch the unit on and press the
START button. Slide the COUNT
switch to the 2 position. A number
will appear on the display. Now
press the appropriate switch or
switches that would be the binary
number equivalent. The table above
these four pushbuttons show the
equivalents if you are not familiar
with the binary system. A 1’ in the
column indicates that the
pushbutton has to be pressed on
while ‘0" is off. eg If the number on
the display is 7, the ’1’, '2’ and ‘4’
switches have to be pushed and
held. A 9 on the display would
require the '8’ and the '1’ buttons to
be held on.

After the decision time period, the
display will blank and one of the
decision verification LEDs will light. If
you pressed the correct binary

equivalent pushbuttons, the ’'YES’
LED will light. Now the next decimal
number will come up on the display;
press the correct pushbuttons. If
your answer is right, the 'YES’ LED
will remain on. The display will blank
but will not come on again if the two
answers were correct. This is because
the answer counter has incremented
two places, the number you first
entered in the count switch. This
indicates you have a ‘fuill card’ and
'Bingo’, you have won the game.

Simple, you say! Now move the
count switch to the 4 or 8 position,
press the start button and play again.
You will notice that as you get more
answers right, the decision time
becomes shorter and therefore gives
you less time to think. It becomes
much easier to make a mistake. Each
time the answer is incorrect and the

'NO’ LED comes on, the ’‘count
register is reset to zero. You can only
win the game with a full card if all
sequential answers are correct
Obviously, the 1 and 2 positions of
this counter do not require much
skill and are provided for beginners.

Where a mistake is made, the
decision period is increased so you
have time to concentrate. If you find
that after a number of games you
become familiar with the operation
and become proficient, the decision
time can be shortened. See the How
It Works section for details of this circuit
change.

This game is an excellent teaching
aid to the binary number system
while, at the same time, it tests and
decreases your reaction time.
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Binary Bingo PC Board
Component Overlay Diagram
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1. Check off your kit of components suggested, the display can be can be marked by using the label as

against the parts list.

2. Load all low profile components.
These include links L1 to L9. L10 is a
length of hook-up wire. The resistors
and diodes are also inserted. Make
sure of the polarity of the diodes.
Cut excess lengths and pigtails.
Solder as necessary.

3. All capacitors can be inserted,
pigtails cut and soldered. Note
polarity of the electrolytics. The
larger 470uf capacitor Cé6 can be
laid on its side to reduce the height
so that the board can be used in a
Zippy Box.

4. The IC's can be carefully inserted
and soldered. The battery lead with
the snap attached can also be
soldered. (Note red is positive.)

5. The final housing of the board has
to be considered at this point. If you
use the Zippy Box method we have

inserted. Mount it centred in the 14
hole position. The device itself may
only have 10 legs so that pins 1, 7, 8
and 14 are not present and these
holes in the board are not used. Do
not push the display hard up onto
the board; only about Tmm of the
legs should penetrate the foil side of
the board. Solder in this position.
This gives the display a little extra
height so that it is closer to the
window of the case. If you wish, an
optional 14 pin IC socket can be
used to increase this standoff
distance. The display is plugged into
this socket — again pins 1, 7, 8 and 14
may not be used.

6. Housing

An optional UB1 H-2751 Zippy Box
can be used to house the board. The
dress panel for the lid of the case
can be cut from the rear of this book.
The holes and cutouts for this panel

a template. Place it over the lid so
that the edges line up with the
marked outlines. With a sharp
instrument like a scriber, carefully
mark the centre positions of the 5
pushbuttons, the 2 on-off switch and
the 2 LED holes. Mark each corner of
the 3 rectangular cutouts and
remove the label. Accurately scribe
a line between each marked point of
the cutouts so that a rectangle is
clearly visible.

The holes can now be drilled at the
centres marked, 6.5 to 7mm for the
pushbuttons, 2 x 2mm for the on-off
switch and 2 x 5mm for the LEDS.
The rectangular sections can be cut
out with a piercing or jewellers saw.
This means that a pilot hole will first
have to be drilled in the centre of
the cutout to accommodate the saw
blade. Do not cut right up to the
scribed ling; the final dressing of the

_J
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HOW IT WORKS

This simple synthesizer consists of
four main sections. The input stage is
basically a microphone amplifier and
signal shaper with three stages. Twin
voltage controlled oscillators (VCO)
each with a voltage controlled
amplifier (VCA) output stage makes
up the main section. The remaining
circuit block is a simple, adjustable
low frequency oscillator to act as a
tremolo effects generator.

Input Stage

The front end of this stage has been
designed to accept the output from
a low impedance microphone, either
dynamic or electret. The quality of
the microphone does not have to be
high, in fact, the simple type
normally used with a small cassette
recorder will operate perfectly.

IC1a is the first stage having an AC
amplification factor of around 100
times at 1kHz. The operational
amplifier (op-amp) circuit is very
basic. The only difference of any
significance is the small capacitor in
the feedback loop. This results in a
roll-off in gain with an increase in
frequency, The output of this
amplifier is AC coupled to the next
stage by C7.

Again, IC1b is a simple op-amp
circuit with a voltage gain around 20
times. Like the previous stage, the
high frequency response is limited.
The response tailoring has been
done to reduce the normally rich
harmonic content of the human
voice. The only signal we want to
process is the fundamental note. The
harmonics are low in amplitude and
can be partially rejected by this
simple approach.

The last section of the input stage
ICic is the most significant and
needs some explaination. The op-
amp is configured as a Schmitt
trigger with offset. The hysteresis
components are R22 and R21.
Normally a Schmitt Trigger is bistable
and in the quiescent state, the
output would be either positive or
negative depending on the last signal
transition, The difference in this case
is that the inverting input is offset

greater than the value of the
hysteresis voltage on the non-
inverting input. Components R20

and R39 establish this offset to
assure that the output at pin 8 is
always low (negative) when no signal
is present. The output will only
switch when the input exceeds the
sum of the hysteresis and offset

voltages. The circuit acts as a gating
system to the following phase-locked
loop circuits. This Schmitt trigger is
the second stage in the processing to
reject the harmonics and noise in the
input signal from the microphone.
The input level, set by VR2 is
adjusted by turning this control until
reliable response is achieved from a
normal singing voice. It is not
adjusted further than this minimum
amount. In this way, the Schmitt will
tend to only switch on the peaks of
the fundamental. The harmonics and
noise content of the signal are below
the threshold switching points and
will be rejected. The purer the voice
or note, the more reliable the circuit
action. A 'gravelly or rough’ voice will
tend to prove unreliable as a signal
source. The best results will be from
a whistle as this note is close to a
sine wave and is relatively free from
harmonics of any amplitude.

Voltage Controlled

Oscillators

IC2 and IC3 are 4046 CMOS phase
locked loops (PLL) and the main
sections of these devices are used as
voltage controlled oscillators (VCO).

Without input signal, the output of
the Schmitt will be low and therefore
pins 13 of IC4a (12 of 1C4¢) will also
be low. This means that the 4016
analog switch will be off and pin 13
(PLL comparator 2) of the 4046 will
be disconnected from the input to
the VCO, pin 9. The voltage present
on the low pass filter capacitor C5
(C12) will determine the frequency
of the VCO in association with the
RC timing components C3 (C10) and
R5 (R24). This voltage will hold for a
resonably long period of time
because of the very high input
impedance of the CMOS input at pin
9 of the 4046 and the low leakage
characteristic of the 0.1uF polyester
capacitor. This in turn means that the
output frequency of the VCO at pin
4 will "hold’ in this condition.

Now let us look what happens when
an input signal occurs. Pins 13 (12)
of the analog switch and 12 (signal
input) of the PLL will go high with
the signal. The phase comparator
output (pin 13) of the PLL will be
connected to the VCO via the low
pass filter. Provided that the input
signal continues at a fixed frequency
for a short period of time, the PLL
will lock and follow. In this locked
state, the output of the phase
comparator at pin 1 will, for the

greater part be high (except for
narrow negative going pulses). For
full explanation of the operation of
these 4046 PLL systems, refer to
manufacturer's data.

Voltage Controlled
Amplifier (VCA)

With pin 1 of the 4046 high, D3
(D4) will be forward biased via R8
(R26) and so charge the storage
capacitor C6 (C13). This voltage is
applied to the base of TR1 (TR2)
acting as a voltage follower/buffer.
This transistor is half of the VCA
output stage, the other section being
another 4016 analog switch 1C4b
(1C4d). The control gate, pin 5 (6) of
this switch is connected directly to
the output of the VCO pin 4 or
indirectly via the 4013 flip-flops. The
square wave output from the VCO
‘opens and closes this analog switch. It
can be seen that this action directly
gates the voltage available to the
output terminal via the two current
limiting resistors and variable control.

When the input signal disappears,
pin 1 of the PLL returns low. As
described previously, the VCO
remains running at a frequency
determined by the voltage on the
capacitor C5 (C10). Now that the
storage capacitor Cé (C13) has been
deprived of its source, the voltage
across the terminals will be
discharged via the transistor follower
and the two resistors, R12 (R32) and
VR1 (VR5). These two components
control the 'decay rate. The control
set to maximum value (1M) will
result in a long discharge time (or
another way of looking at it, little
decay). As the discharge is taking
place, the continuous output from
the VCO switches the analog gate
IC1b (IC4d) on and off to 'sink’ the
decaying voltage on the emitter of
TR1 (TR2) via the load resistor R18
(R37) at the VCO rate. This is the
basis of the VCA.

Output Frequency

The frequency of the note reaching
the output stage can be changed
from that of the original. By using a
flip-flop as a divide by two element,
the output can be halved or doubled
depending on where it is coupled
into the circuit. With the octave
select switch SW1 (SW2) in the
centre position F, the output
frequency will be as the input or
fundamental. Switched to F/2
position, the 4013 wired as a clocked
flip-flop divides the output from the
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VCO pin 4 by two (lower octave). In
the 2F position, the flip-flop is wired
between the output of the VCO and
the comparator of the PLL This
results in a frequency twice that of
the fundamental (upper octave) at
pin 4 of the VCO. (Again refer to the
manufacturer's data on the 4046 for
circuit operation).

Low Frequency

Oscillator

The fourth op-amp of the LM324
pack is used as a low frequency
oscillator to act as a tremolo
generator. The circuit is configured as
an astable multivibrator to give a
square wave output. The variable
control VR4 is included to adjust the
frequency or tremolo rate. This
waveform is then somewhat
smoothed to give a more natural
tremolo effect to the output note.
This varying voltage is applied to the
VCO via a selector switch and a
4.7M resistor. The VCO offset control
input, pin 12 is used to slightly vary
the fundamental frequency.

OPTIONAL INPUTS

VCA Trigger Input

The VCA of one channel can be trigger-
ed from an external source. A positive
pulse input via D2 to the VCA will
charge the storage capacitor Cé6. If this
input is held high, the output from the
VCA will also remain high as long as this
voltage exists. If the input is a pulse
from a sequencer or even a simple
switch, the output fromthe VCA can be
triggered without the need foran audio

signal at the microphone input.

This

could be used with rhythm generators

etc to create different effects.

The

frequency of the VCO can still be
changed by using the microphone input.
If you require that the input signal from

the microphone amplifier stage
not trigger the VCA, remove D3.

PLL Input

does

By disconnecting the input stage from

the VCO, this section can be

used

separately by providing an external

input signal.

Mini Synth Circuit Diagram.

Isolation is performed by cutting the
PC board track between the L2 pads.
The input is applied via D1. This
should be a square wave, no greater
in peak amplitude than the DC rail
voltage applied to the Mini Synth
circuit and not less than 75% of this
value (normal CMOS input switching
characteristics).

This facility could be used to follow
an external instrument or sound
generator ( provided the input meets
the requirements of the CMOS
4046). By way of example, the
output from a simple monophonic
organ can be used to create more
interesting tones and sound effects.
The decay control will vary the note
shape and the octave switch can
change the note frequency.

To return the synthesizer to its
original condition, the link L2 would
have to be restored. For sake of
convenience, a changeover switch
could be used to enable this
function to be operated externally.

_J
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Component Overlay Diagram

ASSEMBLY

1. Check off your kit of components
against the parts list.

2. Insert all low profile components
into the board. Link L1, all resistors
and diodes are loaded, pigtails cut
and soldered.

3. All capacitors can now be inserted,
leads cut and soldered. Remember
that the electrolytics are polarised.

4. Load the ICs and transistors taking
care with orientation, in particular,
1C3.

5. At this stage, you have to decide if
you are going to test and use the
board in the “naked” form or put it
into a case. To use without a case,
the preset pots can be inserted as

shown in the main overlay diagram.

The power wiring, optional on-off
switch, input and output wiring can
be done.

6. Switch Wiring.

The board is designed to accept the
four function switches directly above
the surface. In this way, a UB1 Zippy
Box can be used as the case. if you
wish, these switches can be “soft wired”
to suit the layout of whatever housing
system you wish to adopt.

To position as shown on the overlay
diagram, each of the contacts on the
switches require short copper wires
soldered to them. This enables them
to be dropped directly into the hole
system provided. When inserted, the
contact lugs of the switch are flush
with the top surface of the board.
Tack solder one or two of the leads
so that the switch is held in position.
It now can be straightened so that it
sits squarely and directly over the
hole system. Now solder all leads
and cut off excess. Each switch is
now firmly located in position.

Solder short lengths of copper wire to
each switch contact lug.

7. If you wish, the system could be
tested at this stage. You will need an
audio amplifier of some description
as the output stage. The output level
from this synthesizer is high so a high
gain amplifier is not required. The
output stages of the Mini Stereo
Amplifier Project described in another
part of this book is an ideal
companion to this setup. If you wish,
for testing purposes (and without
disturbing the neighbours) a pair of
high sensitivity headphones can be
used to monitor the output. The type
used with mini portable stereo FM
receivers will work perfectly with the
volume controls turned up fully. Use
a suitable socket to connect if
necessary. You may also need a
socket to suit the microphone plug
as well.

Page 84



Zinty Box front panel, through view

O[

©)—=0)
@ ©

&

@.,. S

—m——y

@f)

= y Tremolo D
o0

5
—
0

&

&5 ©

PC board

@ 1Meg
@

@

With all connections made, plug in
the battery and switch on. Give a few
whistle bursts close to, but not directly
into the microphone. Turn up the Input
Level Set control until some response
is heard from the outputs. Turn Volume
controls of both channels to suit level
required, The output frequency should
follow the whistle. Try changing the
Decay controls from instant to very
slow. With the controls set to maximum,
you will hear the PLLs change in
frequency as the note of your whistle
changes. Notes that are wide apart in
frequency will take a little longer to
lock. Now try changing the Octave
Select switches. Try the Tremolo
Rate control and switches.

If all is working, the assembly can be
completed. If something does not
work, check all wiring, assembly and
soldering on the PC board.

8. Case Assembly.

At the rear of this book is a suitable
front panel label to suit this projectand
a UB1 H-2751 Zippy Box. This case
system will require the components
listed in the optional parts list.

Cut the label from the book and
position it accurately over the lid.
With a sharp pointed instrument
such as a scriber, mark the centres of

The complete circuit board showing the relative positions of the
optional pots, when fitted to the front panel.

the pot holes. Lightly mark the
corners of the switch cutouts and
remove the label. Scribe lines
between these points marked on the
switch cutout positions so that the
rectangular perimeter is formed.

The holes can now be drilled for the
pots, 9mm to 9.5mm depending on
the size of the control unit supplied.
Drill a hole or series of holes in the
centre of the switch cutouts to allow
access for a piercing or jewellers saw.
Cut inside the scribed line, dress
with a needle file. If a suitable saw is
not available, a needle file can be
used to remove the waste.

Remove all burrs from the holes. The
label can now be glued to the lid
with a suitable rubber based contact
adhesive. Position it accurately
before pressing down. The holes can
now be punched out by using the
rear of the drill shank pushed
through from the front surface. Use a
sharp razor blade or Stanley type
knife to cut out the switch holes.

Potentiometers will now have to be
wired to the PCB to complete the
assembly. If you had previously fittéd
trimpots to the board for testing
these will now have to be
desoldered and removed. The
overlay diagram shows the relative

position of the pots with respect to
the connections on the board. Short
lengths of copper wire will have to
be soldered to the lugs of each pot
to make each connection. After
soldering these wires, the pot can be
loaded into the board at the position
shown. Make sure you put the right
value in the right position. You will
have to bend some of the wires to

~suit the holes. Do not solder in these

wires at this stage, simply bend over
the excess to hold the pot roughly in
position. When all six controls have
been positioned, fit the front panel.
This will take a little fiddling to align
each pot through the hole provided.
Fit a washer and nut to each shaft
but do not tighten securely at this
stage. Now move the circuit board
around until it is parallel with the
front panel and in the centre. All the
wires leading to the pots should be
free from other components and not
touching the leads. Check that the
two Octave Select and Tremolo
switches move freely in the slots
(move the board if necessary). The
components on the board should
have sufficient clearance from the
pots to avoid touching. If all is well,
the wires from the pots can be
soldered and the nuts can now be

tightened.
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Technical terms

Aerial (antenna)

AC

AF

AM

Amplify

Audio Transformer

Base

Battery

Bipolar

Broadcast Band

Capacitance

Carrier Wave

Cell

Circuit

Collector

These terms are often used to mean the
same thing. For our purposes, an aerial is a
length of wire which is designed to receive
or transmit radio waves.

Stands for alternating current. Current which
goes through a number of ‘cycles’ of reversal
each second.

Stands for Audio Frequency. It is generally
accepted that audio frequencies occupy
the part of the spectrum below 20kHz.
Most humans can hear down toabout 30Hz
and up to about 15kHz but some animals,
notably dogs and cats can hear higher than
this. (See Dog and Cat Communicator Project in
Fun Way Vol. I).

Stands for Amplitude Modulation. One of
the types of radio transmission (the type
used by most broadcasting stations) where
audio frequency signals vary the strength of
a radio frequency ‘carrier wave'. This is
called‘modulation’.

To enlarge. A circuit that amplifies is one
that takes the original signal and adds
energy to it without substantially changing
the nature of the signal. Changing the
nature of the signal is called ‘distortion’.

A device which transfers audio signals from
one section of a circuit to another, while
blocking DC. See ‘Components’ section.

One of the connecting leads of a transistor.
See ‘Components’ section.

A device for supplying electric power. See
‘Components’ section.

Atype of transistor, historically the first type
invented. Bipolar literally means ‘having
two poles’. In a bipolar transistor the current
through the emitter flows to or from (de-
pending on type) two terminals — or poles —
the base and the collector. See ‘Transistor’ in
the ‘Components’ section.

The section of the radio frequency spectrum
covering ‘medium wave’ radio stations —
normally 530 to 1600kHz.

Having the properties of a capacitor. See
‘Components’ section.

A radio wave which does not have any
signal information of its own, but carries the
signal along with it.

A single battery or chemical power source.
The batteries we use in these projects
contain various numbers of cells to produce
different voltages.

The components, connections, wires and
hardware that together form a working
module. A drawing of the circuit is called a
circuit diagram or schematic diagram.

Another of the leads of a transistor. See
‘Components’ section.

Conductor

Connection

Crossover

Current

Dark State

DC

Distortion

Earth {Ground)

Earphone

Etectric Current

Electrolytic

Emitter

Feedback

Ferrite Rod Aerial

2

An object which will allow electricity to
flow through it relatively easily. Most metals

are conductors; most non-metals are not.
Some conductors are better than others.

Where two (or more) component leads or
hook-up wires actually and deliberately
touch, so that current can flow between
them. If a connection occurs where it is not
wanted it is sometimes called a ‘short
circuit’ (or ‘short’).

Where two component leads or hook-up
wires intersect, but no connection occurs
because they are insulated from one
another.

A movement of electrons along a wire or
other conductor. By convention, current
flows from the positive terminal, through
the circuit and back to the negative terminal
of the battery.

When referring to a light sensitive device
such as an LDR, the dark state refers to the
behaviour or operating conditions when no
light is falling on it. The converse is the
device’s ‘light state’.

Stands for Direct Current — current which
does not change in direction.

See ‘Amplify’.
Normally taken to mean the same thing.
Can mean a direct connection to the earth

itself, but is also used to mean a connection
to a chassis or point of zero voltage.

A device for turning electrical energy into
sound waves. Called an earphone because
it fits in or on your ear. See ‘Components’
section.

See ‘Current’.

When used in conjunction with capacitors,
refers to the type of capacitors made with
an ‘electrolyte’ (See ‘Components’ section).
Electrolytes are chemical liquids or pastes
having certain properties, used in various
ways in electronics.

Another lead of a transistor. See ‘Components’
section.

Occurs when some or all of the output of a
device (an amplifier, for example) can be
fed back into the input. Feedback may be
accidental and unwanted (as in the case of
acoustic feedback from a speaker to a
microphone with a resultant squeal) or
deliberate (as in many types of circuits
where feedback assists in correct operation).

A coil or coils of wire wound around a rod
made of ferrite (a black or grey material).
Ferrite concentrates the effects of the coil.

J
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Microphone

Modulation

Monitor

Morse Code

Multivibrator

NPN

Oscillator

Output

PNP

Polarised

Polarity

Polyester

Power

Primary

Probe

Radio Frequency

Relay

Schematic

Secondary

Short

A device for converting sound waves into
electric currents. See ‘components’ section.

See AM and FM

To continually examine. We use LEDs to
continually examine parts of the circuits —
they glow if current flows.

A system of communication invented by Dr
Samuel Morse many years ago. It relies on
the sending of only two types of sound - a
short one and a long one. All letters and
numerals are represented by combinations
of these sounds.

A popular circuit in electronics where two
transistors are made to alternately turn on
and off.

One of the types of transistor we use in this
book (converse: PNP). See ‘components’
section.

A circuit which produces alternating current,
Can be at any frequency but normally used
in relation to audio or radio frequencies.

That part of the circuit where the processed
signal is available for use. (Converse: input).

Another type of transistor we use. (Converse
NPN). See ‘components’ section.

A component, plug, etc, which must be
inserted or connected a certain way for the
circuit to operate. If reverse connected,
damage may occur.

The specific way a polarised component
must be connected to the circuit for correct
operation (see “Polarised”’ above).

Atype of capacitor. See ‘components’ section.

Normally taken to mean the source of
energy which makes a circuit work (e.g.
when power is applied). Electric power in
our case.

(a) the ‘input’ side of a transformer.
(b) a non-rechargeable battery, such as a
torch battery.

Usually connected to test equipment to
enable connection to various parts of the
circuit under test.

RF for short. The part of the spectrum with
frequencies from around 20kHz and above.

An electro-mechanical device which
switches a set or sets of contacts when
sufficient current is passed through its coil.
The coil becomes an electro-magnet, pulling
in a plunger which moves the switch contacts.
(See components section and ‘using relays’).

Another name for circuit diagram.

(a) the ‘output’ side of a transformer.

(b) A re-chargeable battery, such as a car
battery. You can feed electric current back
into the battery and charge it. You must not
do this with a torch battery.

Short circuit. See ‘connection’.

Semiconductor

‘Small Signal’

Spaghetti
Switch

Time Constant

Timer

Tolerance

Transistor

Transmitter

Tuning Dial

Variable Capacitor

Volume

~

(a) Neither a conductor nor an insulator,
but somewhere in between. Often with the
properties of being able to change by various
means.

(b) the name given to a whole family of
devices using semiconductors for their
operation: transistors, diodes, integrated
circuits, etc.

See ‘components’ section.

A device which is not meant to handle large
currents. Such devices are easily damaged if
overloaded.

A form of insulation. See ‘components’ section.

A device for connecting and disconnecting
power or other components to a circuit or
parts of a circuit. See ‘components’ section.

In our circuits, a measure of the time it takes
fora capacitor to charge (or discharge), with
a certain resistor.

Any circuit or device capable of causing an
action after a given time delay. Most of our
timer circuits use a special integrated circuit
designed to do this, with just two external
components to pre-set the time delayed
required.

All components are made so they are within
acertain percentage of their marked value—
this is the tolerance. For example, a resistor
marked 1k, 5% might in fact have a value
anywhere from 950 ohms to 1050 ohms.

A semiconductor amplifying or switching
device. See ‘components’ section.

A device for emitting radio waves. These
may be bursts of carrier wave (such as a
Morse transmitter) or they may be modulated
by audio frequencies (as in a voice trans-
mitter).

A dial connected to a variable capacitor,
often marked so the stations can be easily
found. See ‘components’ section.

A type of capacitor constructed so that it
can be varied by moving a rotating shaft.
Usually used with some form of tuning dial.
See ‘components’ section.

The level of sound which comes from a
loudspeaker or earphone. A volume control
is usually a potentiometer, and is situated at
the input to the main amplifying section of
the circuit.
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About the ‘binary’ system

You will have noticed in the Binary Bingo that we talk about the binary
system. Do you know what this means and how it is used?

In the number system we use in
everyday life, we use ten symbols:
0,12 3,4,5,6,7,8 9 to represent
a certain numerical quantity. If the
quantity is greater than any of these
symbols will allow, we combine them
to form a group of symbols, with the
position of each symbol within the
group having a meaning, as well as the
symbol itself. Because there are ten
symbols, this system is called a
‘decimal’ system, or a system to base
10'.

The reason we use a system based on
ten is probably because we have ten
fingers: but it is quite possible to
count using other systems. Indeed,
over the centuries various civilisations
have used number systems based on
5, 12, 15 and many other numbers.

So it should come as no surprise to find
that it is possible to count in a number
system based on two: this is called the
‘binary system’. The most obvious
difference between a binary and
decimal number representing the same
quantity is that the binary number is
much, much longer . . . and it has only
two different digits in it!

There is a big advantage is having just
two digits. These are very easy to
represent electronically. By convention,
when talking ‘in binary’, we call the first
digit ‘0’ and the second digit ‘1’, but we
could (and do) call them other things:
‘off and ‘on’; ‘high’ and ‘low’; ‘oper
and ‘closed’ for example. Electronic
circuitry to represent just two states is
very easy to make, and it can be made
with high accuracy — much better than
for a circuit needing to recognise ten
states, as it would if it worked in pure
decimals.

Recognising and working with binary
numbers is just as simple as working
with decimal numbers (if not simpler!)
To see what we mean, let's examine
the same number in both decimal and
binary notation: decimal 1387 (which

(10> (10 (10" (10"
11318]|7 =
10
1x10° +3x10° +8 x10" +7 x 10°
OR
1000 + 300 + 80-+ 7 = 1387

can dlso be written 1387 , meaning
1387 to base 10), or binary
10101101011 (or 101011010112)-we
said that binary numbers are a little
longer than decimal numbers!

Refer to the tables at the bottom of the
page. They show both these numbers ~
let’s look at the decimal one first.

Each digit in a decimal number has a
‘weight’: depending on its position.
Each digit to the left is one power of ten
higher than its right-hand neighbour.

So the number 1387, really means:
‘multiply 7 times 1; 8 times 10; 3 times
100; 1 times 1000; then add them all
together'.

Now the binary number. it means just
the same thing: but is actually simpler
because there is no multiplication
needed: each digit represents a power
of two, or zero.

So that huge number really means,
quite simply, ‘add together 1 + 2 + 8
+ 32 + 64 + 256 + 1024’

See how it works? It really is very
simple!

Converting one to the other

It's easy to convert a binary number to
decimal: we've just done it! To start off,
you'll find it much easier to write down
the number in a table form, just as we
have done below. Then list the powers
of two starting from the right (don’t
forget 2°is first — and any number tothe
power of ‘0’ equals 1).

Now, let's try converting a decimal
number into binary. There are a
couple of ways to do this, but there is a
way for beginners which is very simple:
all you need to do is know how to
divide by two! It works like this:

Take the decimal number, and divide it
by two. If there is a remainder (in other
words if the decimal number was odd)
write down a ‘1’ on the right of your
sheet of paper (so you can write more

2% @) @ @) @

1387 + 2= 693 (rem 1)
693 + 2= 346 (rem 1)
346 - 2= 173 (rem 0)
173 +2= 86 (rem 1)

86 +2= 43 (rem0)

43 +2= 21 (rem 1)

21+2= 10 (rem 1)

10+2= 5 (rem0)
5+2= 2 zrem 1)
2+2= 1 rem 0) |
1 can’t be div. (rem 1):'

(2°)

numbers down on its left). If there was
no remainder, write down a zero.

Now keep on repeating the division by
two of each answer you get. Once
again, if there is a remainder, write
down a 1, no remainder, write down a
zero. Keep on writing the numbers
leftwards across the page, until you
can't divide any more. If there was a
remainder left over (it would have to
be 1) write down a 1, if not forget
about the last zero. That's your binary
number!

10101101011

Addition and subtraction:

It's just the same as decimal arithmetic.
You simply add the digits together, and
if the number is greater than the base
(in this case 2) you ‘carry’ the extra
digit over to the next column.
Subtraction, of course, is the reverse
procedure.

Multiplication and division

While they are the same in theory,
most digital circuits don’t actually
multiply and divide. To save memory
and time, they use special circuitry:
to multiply 50 by 20, a computer might
add 50 to itself 19 more times (all in
binary, of course!)

However, for the sake of the exercise,
binary arithmetic is basically the same
as digital arithmetic.

2 @) @ @) @

110([(1T]10]1

1

011 |1

0|1

2"+ 22+ 2 4+

1024 +256 +64 +32+8+2+1 =

2+ 22+ 2 4+ 2

OR
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You’ll Get It

Right

PCB Cleaner

A unigue blend of solvents

UCTROLUBEN  tormulated to remove
Tk Gty contaminants from PCB'’s prior
' to soldering. It can alsc be
— || used toremove flux residue
afterwards and acts as a handy
—— |, degreaser as well. 200ml spray
];d ‘ can.
e U Cat N-1108
9
b
Flux Cored 60/40 Solder
General purpose electronics
grade flux cored 60/40 (Tin/

Lead) solder that's ideal for
most projects and repair work.
Available in rolls or economical
hobby packs.

Hobby packs:
0.719mm (22G Cat N-1636
1.25mm (18G Cat N-1638

200 gram rolls:
1.25mm E1 863 Cat N-1619
0.71mm (22G) Cat N-1623

Desoldering Braid

The clean efficient way to
desolder. Soaks up solder just
like blotting paper.

19mm x1.5mroll  Cat N-1680
25mmx1.5mroll  Cat N-1681

Economy Wire Shrippers
Adjustable to suit a large range
of cables. With hardened jaws
and insulated handles.
Cat 1-3630

Most Popular

These are the best all-round
screwdrivers for most jobs.
They're affordably priced and
quality built with easy-grip
handles. 100mm x 5mm shaft.
Flat Blade: Cat 16040
Phillips Head: Cat 1-6045

Nibbling Tool

A must for chassis and panel
work! Allows you to cut almost
any shape or size hole in sheet
steel fo 0.6mm thick or light
alloy to 1.5mm thick. If's also
great for plastic. Follows curved
or straight lines with ease.

Cat 1-4945

8 Piece Hobby Tool Kit

A bargain priced tool kit that
comes with 6 jeweller's
screwdrivers (0.9,1.2,1.8,24,3
& 3.2mm flat head), quality
120mm long nose pliers and
110mm side cutters. The pliers
are hardened and tempered
with insulated handles.

Cat 1-3294

Tapered Reamer

The peffect tool for shaping
and enlarging holes in thin
metals, plastics, and wood.
Great for chassis bashers -gives
you exact sized holes. Tapers
from 4mm to 22mm and it's
rrt\ac:e from high quality treated
steel.

Cat 14920

i tool
With our fanto;nc r e of

s .
urite projects... a

s, soldering one, ,

ing you
| find evew\g‘?r?e\\(fre all great

Desoldering Tool
Makes the removal of
components much easier! Easy
on hand operation. This high
capacity desoldering tool has
a removable tip and barrel for
easy cleaning.

Cat 1-2561

Replacement Tip Cat 1-2562

Exceptional value!
PCB Work Station

It's bargain priced and makes
working on PCB’s much easier
This superbly built stand has a
heavy cast iron base for added
stability, @ magnifying glass
and alligator clips to hold the
PCB while you're working on it.
Cat1-5715

Temperature Controlled
Your First Budget
Soldering Station

A bargain priced 16V 3100C
soldering station that's ideal as
a first iron. The station has a
large capacity sponge tray
and a built-in stand. The iron
operates from a 16V
transformer which simply plugs
into the mains and has a
positive temperature coefficient
heater which maintains the tip
at a constant 3100C. If's ideal
for working with sensitive
electrical components.

Cat 1-1900

NOW YOU’RE READY TO BUILD ANY OF OUR FAMOUS, HIGH QUALITY KITs!



TEN EXCITING
NEW PROJECTS FOR YOU
TO BUILD.

( A ( ) ( N

Mini Colour Organ Light & Sound Two Up %p//

Like a disco - e Another multi- Australia’s national =

but battery talented project. game - now done

operated so it's Sound effects, electronically =

safe! Connect flashing lights - because King -

to your radio, continuity tester, George pennies (

etc for a LED Morse code are hard to gett \(

lightshow. oscillator... Cat K-2664 N\

Cat K-2664 it's got the lot.

Cat K-2665
\. _J 1\ . Z;/)
( ) (" (" N

Combination Time Cricket Lil Pokey

Lock Switch Q’: Whaaa! It's a bamel of fun to

Make it into a Hide it in a dark play. And you don't risk

game... or use room and it starts losing your shirt like

it as a real alam chimping. Tum the on the reat thing.

component. It's @ "?h' °ﬂ,°"d it Cat K-2662

that good! Just gl [osoraior

try gefting into infunaiing' Qoo

this one. % Cat K-2663 Do cen-

Cat K-2666 J woww
e J \_ \_ J
4 \ 4 ( )

Mini Stereo Amplifier Binary Bingo Minder NP

Just the shot = A game of skill and A multi-purpose -

for ‘Walkie 3 reaction time - and project for the

stereo - now a valuable teach- car; ‘lights on’

you can listen
to it in your bed-
room through

ing aid! It might
sound prefty simple
to play - but try

waming, ‘door
open’ waming
plus a burglar

Teflel

osiarn A Cat k2008 Carkasso
Cat K-2667
\. /U \. J
o — Packed with hints and tips on soldering,
Mini Synth using a multimeter, making P.C. boards-

Wow! A real musical
synthesiser, with
decay, frequency
doubling & halving,
fremolo...unique
circuit uses YOU

information on components, technical
terms and codes.

as the note

generator!
Cat K-2669
N i ) DICK SMITH ELECTRONICS
~ Cnr Lane Cove & Waterloo Rds
NORTH RYDE NSW 2113
Tel: (02) 888 3200 9 1395999000629
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